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SHIFBOARD WIZRATICN RESEARCH IN THE U.S.A.

A Report to the Vibration Committee (9)

of the
2nd Interrational Ship Structures Congress

Delft, The Netherlands, 1964

INTRODUCTION

A review of the work in the field of shipboard vibration in
the United Stares will largely consist of a review of the work of
the David Taylor Mcdel Fasin and that. sponsored by the Society of
Naval Architects and Mariune Engineers. Although limited studies on
hull and machinery vibration have been carried out in other naval
facilities and commercial aztivities, they generally could be classi-
fied as the investigation of specific vibration problems, rather than
Research and Development Studies. This report makes no attempt to
cover the ~ommercial efforts., which, up to this time, have been largely
proprietary in nature.

"Within the David Taylor Model Rasin we have five distinct
laboratories, Hydromechanius, Aerodynamics, Structural Mechanics,
Applied Mathematics and the recently formed Acoustics and Vibration
Laboratory. The study of ship vibration has many facets which include
the study of hull response to "Steady State" (Propelletr or machinery
excited) and "Transient' excitation which includes slamming or impulsive
loadings applied by underwater explcsion. Various aspects of ship vibra-
tion may be found in all five laboratories. However, since this committee
is primarily converned with “Steady State' vibration I will briefly re-
view the Hull Vibration Program of the Vibration Division of the Acoustics
and Vibration Laboratory {(formerly the Ship Dynamics Division of the
Structural Mechanics Lsberatory). Additional work of interest to this
Committee in the study of propeller excited hydredynamic foreces, will
be covered by Dr., John Bkreslin,

The study of the respcnse of ship structures to the various ex-
citing forces imposed cn it during normal operation, constitutes a major
field cf interest at the David Taylor Model kasin. The objectives ot
the laboratory in this area are concerned with:

fa) Mechanical Suitability (Strength adequacy)

(b} Habitability and Operatkility (Effects on performance)

{c¢» Detection and Detectability {Underwater uoise}



It immediately becomes obvicus, from the complexity of the
mass elastic system, the various types of exciting forces and the
alternate objectives of the program, that this field of study becomes
too broad to handle as a single project. OConsequently the total
program at the DTMR has been broken down into a number of smaller
programs which may be identified as:

(a2) Hull Vibration {Response to Steady State Forces)

(b} Structural Seaworthiness (Hull Response to Heavy Seas)
(¢} Slamming (Ship Respcouse to Wave Impact)

(d) Hydroelasticity (Flutter Prediction)

(e} Radiatic~ ¢Study of Hull Vibration for Noise}

While many factors, analysis techniques, and fundameutal theoretical
con.epts are cocmmon to more than one program, nevertheless the resoluticn
of the total program is suffiziently broad as to warrant the subdivision
shown. This has also been recognized by the Ship Structures Committee

of the Society of Naval Architects and Marine Engineers which has divided
the HS-2 Panel {Dynamic Loading and Response! into three Task Croups:

{a*> HS-2-1 Vibrations
(b} HS-2-2 Surge lcadings
(z) HS-2-3 Slamming

The "Hull Vitration Program" reviewed in this presentation concerns
itself with the iimited field of interest, "Response to Steady State
Forces" and corresponds to the interest of the Vitration Task Group of
the HS-2 Panel.

In the development of the Hull Viiraticn Program we are primarily
(although not exclusively) con:ervned with the second objective, "Habitability
and Operability.”" by this we mezn the stesdy state forces are generally of
mere concern for their annoyance to personnel or malfunction of equipment.

In some cases damage ov danger of damage t - ship structures and equipment
has ccrurred. However, most :ases of structural damage has resulted from
transient excitaticn snd would be covered in either the DIME "Structural
Seaworthiness' Program or the "Slamming” Program. Tthe U'IME Radiation
Frogram concerns itself with modes ~f bull vibration which are of partic-
ular significance in underwater noise. This program is direxted primarily



to submarines and is concerned with amplitudes which are generally of
no concern in regard to mechanical suitability or habitability and
operability.

This repeort in:cludes three parts:

Part One - DIMB Hull Vibration Frogram, and in:ludes the following
majcr categories:

1. Hull Stru:tural Respcnse (Primary Hull Girder)
pLIN influene of Other Ship Structures on Rull Structural
Response

SX1., Propeller Excived Vibrateory Forces
T Experiment 1l S-udies
V. Design Procedures and Stand-rds
Part Two - S.N.A.M.E, HS-2-1 Program
1. The "Norm" Frcgram
1T, Long Range Orjectives
IZI. Sode for Shipteard Hull Vihratioq_Measurements

Part Three - ¥ibliography

.

“asi1: Repor:s
iT. Ship Structures Reponrts

ITlL. Ma hinery Reports



Part QOne

L T8 bty Sk ¢

DTMB Hull Vibration Program

1. Hull Structural Response {(Primary Hull CGirder).

(A; Development of Hull Vibration Theory in Flexure and Torsion

A comprehensive study reviewing and extending previous
wcrk was made of the derivation of equations for digital and electric-
analog soluticn of the natural frequencies and wmcde shapes of a Shlp s
hull idealized 3s amn elsstic beam.

Effe.ts of tending, shear, rotary inertia, <oupled torsion
and tending, initial curvature of the elasti- axes, applied for<es and
torques, sprung mssses and other sprung inertias are included., Methods
for manually c¢al.ulating the physicsl pz2rsmeters of the hull from ship
plans and other scutces have also.teen treated. The ac.uracy of the
results obtained bty these methods for uniform and nenunif rm beams has
also been determ.ned. Tne results of this siudy were reported in
DIMB Report 1317. A more genersl 3-dimensional appreca.h to ship vibra-
tion is also being studied.

(*, Develcpmenr of ;amputer aniﬂ@qggl_lgibgigggs

Flestrical snalog cirvcuitry and digital omputer codes in-
corporating all of the above effects have Feen devised smd reported in
TME Repert 1317. “he snalsg - ircuitry is set up on the Strustural
Mechanics lahoratory A-3lig Computing ta-ulty -alied the TM* Network
Analyzer Jescrited in "ME Report 1272, Fxtensive imprcvements r.rently
made -on the analyzer increase the ease and flexitility of operation as
well as the speed of analysis, Gontrvol and anslysis features include
manual and sutcmati. s.anning of ea h of the 48 staticns «positions; on
the analyzer patch toard selestirn so that Lt-=se ststicns may bte s:anned
in any desired order, instantanecus visual electrrni: Jdisplay of the
sele.ted stations on a 17 inchk s - pe. autematic digitizing and print out
data together with simultanesus pcint-tv-print graphing of the datz on
a 17 in:h scale, I+ additicn. ten s ‘tive analcg -omputer amplifier
channels have bteen inst-lled. These may ko iniCrporsted in the analyzer
circuitry to simulate a.tive systems, g-tcrste specialized for :ing
functions or perform special analysis of dsrs,

eyt
LR

vir Influence of Sprung Mass ~n ~ull Vitration Iveory

r

On certain :lasses of ships. flexitly mounte] masses such as
mazhinery, rudders, -argo, and superstru.tures affe-t hull vitrat tons,

s



Therefore, to explore the possibility of a2 more adequate representation
of a ship hull as a mass-elastic system subject to vibration, studies
have keen made to investigate the characteristics of a team with attached
inertias having motion in translation, rotarion or coupled translation
and rotation. Analytical, electric-analeg and digital .omputer methods
have teen devised to determine the natural frequen:ies and mode shapes

of team-sprung-inertiz systems. The results of these srudies are given
in DTME Reports 955, 1215, 1317, 1507 and 1540.

¢D> Study cf Significant Farazmeters

Io determine the ncrmsl mcie frequ-n:ies and mede shapes of a
partivular ship it is nezesssry to evaluate the g~ysicel parameters of
each section of the ship for use in the finite differenze equations. For
the general :ase cf ocupled torsion-horizciz]l reading vibrations methods
for manually ucwmputirg these piramerers from ship plans and other iaforms-
tion have teen devised snd rep~rted 1o ATME 1317, Fer the ~ase of stesdy
forced vibrations the mathemati¢s) vepresentation ©f hull damping 15 bised
upon experimental results and is repcrted in "MF Reports 1060 and 1451,

An example of its application 1a =al wlaticns »f bull response is given

in the TMR Repcrt 1384, As an alternative 12 using a :onstant value of

j corresponding to the twd-noded mode, a method has teen developed whirh
will allow for a different j fa:tce fur earh mode and 1s reported in

DTMR Repcrts 1317 and 1623, ~he neei for the development of methods

which will give more a.-urate pacameler vilues for the btending shear and
torsional rigidities as well as the virtusl mass st1ill persists. A method
which uses a digitsl ‘:omputer to :al:u.ate the hull parameters from basic
data tabulations obtained from ship plans in 4 -ordance with a pre-
established systematized pr. edure is keing devised in order to reduce

the lator, expense; est.., of mazking such 3l swlations.,

1. influenze of Orter Ship Strustures on -uli Stru:tural Response

A} Machinery Znduced \:teation
ic 1s orvicus that the propeiler . 55 2 machinvery ivem. is

probably the m+j~r ~oatritutor to the "Stesdy State™ vitraticn of a

ship. The DUM™ Program o7 "Prcpeller fx:iited Vitrat-ry Focees." is

treated separately under Secticn 7V ef thi1s ootline,  This Se. tioa will

deai with Mahincry Tnduced Vitration £x.ep: that iatredu.ed ty the spip's

propellers directiy.

The majer .y:iic for :es which mey stimuiaste the ship's hull
are asso:isted with the main propulsion system snd cesult from oy li.
for~es which may cr may not reflect :oniditions of resonan e, These



forces may te associated with excitation originating within the
machinery system or with excitation corresponding with prepeller blade
frequencies or harmonics of it. Of course the presence of machinery
resonance and the tuning of such resonance with a natural frequency
of the hull, may result in very severe and often damaging vibration.
For convenience we can classify machinery induced vibration as longi-
tudinal, rotational or lateral.

1., longitudinal Vibration,

Although the major source of excitation of longitudinal
vitraticn is che propeller, the respouse of the hull is a function of
the driving forzes, which may be seriously magnified by the presence,
or near presence, of resonances in the machinery system, Early in
World War 1II, very serious loogitudinal vikration of the main machinery
system on the lstest Carriers and Rattleships was otserved. The basic
solution to the machinery problem was well documented in DIMF Report
1088, "lLongitudinal Vibrations of Marine Propuision Shafring Systems,'
bty Kane and M-“oldrick. 7This paper, which later appeared in the
Transactions of the S.N.A.M.E., did not .ompletely satisfy the protlem
of hull vitration. Tests conducted on the MIDWAY «lass ecarviers, from
1947 through 1949 clearly demonstrated thst the best that could be
obtained, was a compromise between the needs of the hull and the require-
ments of the machinery system. 7The use of the optimum propellers with
regard to bull vibration, would result in damaging machinery vibration.
Conversely, rhe ideal propeller for the ms hinery system, leaves much
to te desired from the point of view of hull vibration.

Longitudinal vibration of thke mathinery system, has also
been a problem in some classes of sukmarines. 4&s 2 result renewed
emphasis is being plazed oo the underslanding and control of longitudinal
vibration of machinery Systems anid its infiuen.e on the response of ithe
ship structure.

2. Rotational Vitration (Torsionsl & Wnirling:.

{a) Torsional vibration has generally teen considered as
strictly a machinety problem. This is far from the truth when ycu
encounter torsional vibrastion in propulsion systems with large exciting
for:es. as is the case with diesel engine drives. When tbe exciting
frequencies of the machinery system c¢oin-ide with hull natural fre-
quencies, structural vibration may o ::wr. ases bave also leea en-
countered where engine excited torsional criticals in the propulsion
system, result in high alternating thrust .ompouents as a result of
the torsional alternating load exerted on the propeller. Some 2f these
cases have been sufficiently serious as to cause failures of the main



thrust bearing and serious vibration of the hull. These vibrations
were of engine frequency and not propeller frequency.

The Model Basin has evaluated the torsional characteristics
of proposed propulsion systems in a number of csses and contributed to
the general understanding of the value of the "Hodal" drive in the case
of the geared turbine system. Our analog computer has been developed
to handle such problems and in the future, we expect to delve more
deeply into the subject.

(b) A shaft sags between two bearings. As it rotates, the
stress patiern alternates. If it rotates fast enough, it is in danger
of whirling, a situation which may be compared with the antion of a
skip-rope and one in which the fiber in teusion remains in tension.
This condition is likely to be destru:tive and otviously would transfer
large unbalanced forces to the hull, through the bearings. This phenomena
was considered as possibkly contriburing to the relatively high incidence
of shaft failures noted on commercial vessels st the close of World War iI.

The DIME has studied this priblem and in the past bas issued
several valuable papers in this avea, among which are DIME Report 827,
"A Theoretical Approach to the Problem of Gritical Whirling Speeds of
Shaft-Disk Systems," and Report 890, "A Design Approach to the Problem
of @Gritical Whirling Speeds of 8Shaft-Dis: Systems.' PRoth were authored
by Dr. N.H. Jasper.

While this phenomena has not has not been established as
a cause of the shaft failures, the understanding of the phenomena and its
importance in the development of design ¢riteria for shafting systems
should be pursued by the DTMB in the future,

3. Lateral (Rending & Unbalanuce)

_{a) Eending hds teen estatlished as the major alternating
load on prepeller shafts and is believed to te a major influence on the
shaft failure problem. The phenomena has *een adequately explained in
the literature, the most recent publi~ation bkeing prepared by the DTME
in Report 1596 by Price, et. al. on "Fending snd “ersional Stresses ia
Propeller Shaft oi U.S5.S. OBSERVATION IISLAND (EAG 154 in Smeoth and
Rough Sea." Previous studies by DIMP in:luded thrse of the U.5.5. MISSION
SAN LOUIS QOBISPOQ, U.S.S. NORFOLK ¢Dll: and limited studiess on several
submarines of the SKIPJACUK -:lass. DIME Repcrt 947 by Mcholdrick, presents
YA Theorem on Rending Stresses in Retating Shafrs.”



The DTIMB program in this srea includes additional
proposed full-scale studies aimed at the development of improved shaft
design procedures. It should be realized however, that all efforts to
reduce the alternating bending loads on the propeller shaft, introduced
by the eccentric thrust component, will in the final analysis, also
serve to reduce the vibration of the hull by the reduction of the alter-
nating forces entering through the shaft bearings.

{b) Unbalance has long been recognized as the fundamental
source of vibration in rotating machinery. The DIMB has been engaged
in many studies on the Influence of unbalance forces in propulsion systems
as a source of serivus hull vibration. As explained in DIMB Reports C-36
and G-414, unbalance, mass or hydrodynamic, was largely responsible for
serious hull vibration in a destroyer and ailrcraft carrier. While the
application of balancing tolerances of MIL-STD-167, "Mechanical Vibrations
of Shipboard Equipment,'" has served tc reduce the vibratory forces from
this source, nevertheless, a reasonable porticn of our everyday diffi-
culties may be attributed to unbalance. The plans of the DIMB for the
future includes further study into the understanding and control of this
problem and in the development of improved spezifications and standards.

This review emphasiges the importance of machinery
vibration to the response of a ship's hull. 7These same problems will
also precipitate undesirable vibration of locsl structures under favor-
able circumstances. It is still an important consideration however,
that to effectuate low vibration levels in ship structures, the best
approach is tu understand the cause of and establish satisfactory
methods for the eliminatisn or reduction of the exciting forces.

(B) Iunfluence of Ship Sub-structures

The principal structures falling in the category of ship
sub-structures are: deck houses, supergtructures, masts, gun turrets,
and missile launchers.

TMB plans to investigate ship sub-stru:tures in ovder to
establish vibration levels and determine the effects of these structures
on hull vibration and hull-girder strength. 7This investigation will
include the effects of sub-structure configuvration, methcd «f attachmeunr,
and materials used for construction of these structures.

The following are to be considereds
Configuration

1. Length of sub-structure relative to hull length (shear
stiffness effect).

2. Logcation of structure In respect to nodal points cf hull
vibration {strain limits and mode effects}.



3. Height and width of structure

4. Shape of structure; i.e. superstructure decks may
or may not be of uniform length

5. Effect of expansion joints

Methods of Attachment
1. Structures rigidly attached to ship's hull girder
2. Flexibly mounted structures

Materials for Construction

1. Steel
2. Alloy
3. Plastic

(C) Influence of Appendages

A comprehensive theoretjcal study has been made for
determining the vibration and fluttar characteristics of coupled
rudder-diving plane-ship vibration systems in forward motZon subject
to hydrodynamic forces on the rudder. Treatment of "Sprung Body Effects"
which cousidey the influence of heavy elastically attached inertias with
one or two degrees of freedom such as a nuclear reacter,. machinery,
cargo, superstructure, radar mast, boiler, etc., on the response of the
hull-control surface system is included.

Bpecial emphasis is placed upon digital and electric-
analog methods of solution for determining the natural frequencies,
mode shapes, critical flutter speeds and damping of this system and/or
parts of this gystem. This study is reported in DTMR Report 1507.
Methods fc+ evaluating the hydicelastic paramcters for a rudder have
also been developed. The procedure for computing these parameters .in-
cluding the daaping is given in DTMB Report 1508. 1In particular, metheds
for determining the structural and viscous damping values for control
surfaces frqm measurements on such surfaces in drydock {or at sea} have
been developed. A comparison of theory and experiment for marine control-
surface flutter has been made for a model. The work was presented at the
Fourth Symposium on Naval Hydrodynamics and is also reported in DIMFE
Report 1567,



III. Prcpeller Excited Vibratory Forces

(A) Analysis of Structural and Machinery Response to Cyclic

Forces as Determined from Model Wake Data.

The objective of our program is to develop an adequate theory
and method of calculating propeller forczes, and of computing the response
of the hull and machinery to these excitations. It is necessary to know
the relationship between the forces generated and the response of the
structure to these forces within the frequen:y range of interest.

The propeller forces and moments vibrating the ship's hull
and structures are induced by:

(a) the non-uniform inflow-velocitcy into the propeller plane
whizh ther transmits forces to the hull through the shaft, struts,
bossings, or stern bearings,

(b)Y oscillating fluid pressures generated ty the moving
pressure fields asscciated with the blades of the loaded propeller when
passing strut arms, bossings, or the hull,

(c) mechanical foreces resulting from geometric imperfections
of the propeller or of the rotating or reciprozating machinery members.

The following approach is nezessary tc understand and predict
the propeller forces induzed by {a):

1. Conduct model wake measurements in thz plane of the
propeller at the corresponding displacemeat, trim and speed of the ship
to determine the longitudinal (wake} and tangential velo:ity componencs.

2. Analyze the harmoni: :-ntent of the zircumferential
wake at varicus radii withia the prepeilery plane. This will permit the
selection of a propeller with the optimum number of tlades for minimum
thrust and torque forees,

3. QCal:zulate thrust and torque for:e fluctuations as
derived from the wake survey.

4. Calculate the off-zentet thrast {e::entriecity) in
radial and angular direztions,

5. Calculate the herizontal and vertical besring forces.
Inadequate information exists on the fluztuaring pressures produced on the
surface of the ship by propeller acrion to permit computation cf the forces
generated. Tests are currently planmed to obtain additional infcrmatiou in
this area, Information is also required to determine the magnitude cf the
forces transmitted through the bearings. Static and dynami: mass unbalance

10



due to geometrical imperfections or lack of symmetry will excite forces
and moments at shaft speeds.

It is considered important, in the design of a ship, to
be able to predict the response of the primary hull girder to known
exciting forces., This would permit an evaluation of the capability of
the vessel to perform its intended function and to provide a basis of
general approval of the more important design aspects. It is obvious
however, that such a program requires the following basic ingredients
before one design can be compared to another or before a design can be
evaluated against a given control factor:

(a) A "Basic Computer Program' (Here we are referring to a
"Basic Computer Program' as a series of coded problems) which permits
the study of the response of a mechanical system;

(b) A computer-program whih permits the rapid computation cf
the exciting forces;

(c) A better understanding of damping mechanisms;
(d) Improved knowledge of virtual mass;

(e) Suitable vibration spezifications or limits of acceptability
for vibration of the system under studyj

(f) Full scale program of applicability studies.

(B) Investigation of Force Cancellation Means

The most effective way to solve the problem of hull vibration
would be the cancellation of the cyclic forces asting upcen the hull.,

Even the reduction of the steady-state hydrodynamic forces
induced by the propeller is difficult., FEmperinal concepts have to be
developed concerning pertinent design features such as: position of the
propeller in relation to the hull and rudder, clearance around the pr>-
peller, modification of the prepeller rake, the skew, the inclination of
the propeller to the hull. In the future, vibratory motizcuns resulting
from the pulsating pressure fields at the stern area may well be expeaczted
to increase, This may either requive a change in stern zonfiguration ov
the development of force cancellation devizes.

To cancel cyclie forces acting upon the hull, forces equal and
opposite to the external forces must be considzred in forin of dynamic
vibration absorbers, adjustable rotating ezcentrics, and shaft synchroni-
sation devices on multiple screw ships. 1In this area we are interested

11



in receiving results of studies designed to absorb or cancel the
oscillating forces in the vicinity of the propeller by replacement of
plates with other flexible material.

Counter-rotating propellers may show advantages in reducing
vibration. Several installations of this type are presently under study.

Practical design consideration as well as variation in
cperating conditions preclude the possibilipy of cancelling the ex-
citing forces. These forces can be reduced byt probably involve higher
ship construction costs or lesser design efficlency.

Iv. Experimental Studies

(A) Verification of Developed Theories

Cne of the main theories to be verified by experiments concerns
the beam theorv with ius last advances, i.e. effect of sprung fmssses,
appendages, and superstructures on frequencies and mode shapes., Experi~
mentally this requires tranzducers and test arrvangements which allow a
clear definition of mode shapes and frequencies. This is accemplished
by the addition and subtraction of outputs of various gages. A still
more complex task is the verification of respense at lcw hull vibration
levels where the magnitude of vibration displacement may be of the order
of minrroinches instead of millinches.

Case studles were made on 1SS FARRAZ('Y for the rudder-hull
system {(Flutter), NS SAVANWNAH for the sprung-mass effect cf the reactor
compartment, on several submarines for the hull-propulsion system as a
sprung mass, and con CG(NY-9 LONG EBEACH for the effezt of tsll super-
structures,

{(B) Measurement of Parameters

In all vibration surveys there is still a discrepancy of
several per cent between calculated and exgerimental values of frequencies,
This 1s probably due to some of the effects mentionzd in I¥(a}, sprung
mass, etc., but more probably due to {nzccurate kncwledge of certain
paurameters such as virtual mass of water, rigidity of the hull, and position
of the center of mass in a section. Methnds are under study which will
permit the calculation of these paramet=rs dire:t!ly from ship dat=z,

Similar studies are also underway whizh allow s Jdeterminsgticn of spring
constants of radar masts and similsr strecotora:, Jareful planoing will
allow the determination of damping characteristi-:s. 3In this preogram, the
use of impulsive loadings is under study and leoks promising.

{C) Development of Experiment Tochniques

{1} Shakers

The evaluation of hull fregu-neies snd mode shapes, natural
frequencies of substructures like bulkhesds, thrust bearing, et:., is done

12



by use of a number of shakers available which were developed during

past years. These facilities ineclude a 40,000 1b, and a 5,000 lb. vibra-
tion generator for frequencies up to 30 cps, swall shakers like the DIMB
medium vibration generator, a Lazan shaker, ete. It also includes instru-
ments which exert a known point force and allow the measuremgnt of the
structural fesponse at the same or any other point to obtain mode shapes,
frequencies, damping, and transfer functiions,

(2) Measuring and Recording Systems

The measuring system was drastically changed during the
recent years by replacing mechanical instruments with electrical instru-
ments such as aceelerometers, velocity meters, combination of the latter,
etc., to cover frequencles in the range from zerc to about 8,000 cps with
emphasis on the frequencies up to 50 c¢ps. Recordings of the data are
made by use of reccording oszillographs and magne:tic tape recorders.

(3) Analysis Systems

The analysis of vibration as reccrded on paper is done
in the well-known fashion as described in many repnrts, by evaluating
frequencies present and the corresponding amplitudes.,

The electronic tape analysis allows a much broader
and accurate evaluation by obtaining frequency-amplitude spectrum, power
spectrum, average and rms amplitudes, erc. 1t shows all frequencies .and
also the amount of randem vibration present, The amplitudes cover a
range of nearly 40 db,

The analysis system also incluldes s statistlcal evalua-
tion of vibration amplitudes and provides histograms, mean values, and
standard deviations of certain selected frequen-:ies,

(4) Test Precedures

Test procedures are refined so rhat analysis of modes of
vibratinn are possible, This also permitis the separation of bending and
torsion in the coupled torsion bending m:d«s, znd rthe separation of the
three rotationsl and three translati-nal vibravions; when needed. Test
procedures plso permit phase determinati.ns tetween different lgcaticns
and permit the development of relative smplitude curves,

(D) Methods of Data Presentation

Pata are presented in form of tabies which list frequencies
and corresppnding amplitudes. Selected frequencies are abewn in the form of
PP g amr
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curves for the whole speed range. These frequencies are usually blade or
shaft frequencies.

The vibratory level at a selected location may be presented
in the form of amplitude spectra, and the vibration amplitude of a selected
frequency may be shown in form of an average value or maximum value.

(E) Design Evaluation

Design evaluation, so far, usually covers the vibratory level
of & ship's class (first of the class vibration survey) and compares the
rasults with those obtained in other classes,

An evaluation of test results usually is made to identify the
scurce of vibration, when it is considered excessive. Remedies are suggisted
whenever pessible,

Response charanteristins of hulls 1o unit foraos exelitation are
calrulated and experimental rasults are 2ompar=d with faleulated vzlues to
shtain the hull mobility, The sam2 preouzlure 1s uced for surfaze ships as
well as for submarines.,

Other evaluations concern the selecticn of locations for machinery
or the necessary reduction of vibratory forces by use of vibraticn reducsrs.

(F) Environmental Studies

Environmental studies are required to detarmine azceptability
of equipment in meeting specifications, Studies are made on radar plat-
forms, masts, eleztrnnis mounts, crew quarters, etc.

There is no "norm" yet established whizh will present the
vibratory environment at any given lccation. The spprecacth used is described
in MIL-STD-167. G=znerally valucs cf euvironment sr: prar=ented in tw ways,
displacement versus frequency cy azec-larati-n verscvs frequency.

One approach under study c-nsiders the pres-ntatica of th-
vibratory environment in the fcvm . f starisci:al distrituticn functions,
i.e.» amean level may be established togaether witn a4 3tsndsrd deviation,
The latter will define the prchakility ~f rhe darca fz3lling withir the
prescribed btand,
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V. Desiegn Procedures and Standards

The practicing naval architect has not the time to study the
exponentially increasing volume of technizal literature to overcome
problems important for the desgin of a ship. Today he must have the
ability to translate the theoretical approach into practical appli-
cation. Most theoretical analyses and predicticns are based on ideal
properties and may be inapplirable c¢r require a correction factor.
However, it is most important that the naval architect be aware of
the fundamental concepts which are signifizart and should be cconsidered
in the earliest design stage. It is, theref-re, necessary to provide
him with a guide useful in the early design stages and which will
permit the verification of ship response by reliable calculations at
a time when design changes are possible. He should alsc be provided
with standards, norms, and specificarticns vszful in vibration ~ontrcl,
Vibraticn characteristi:s are seldom oo¢.sidered in the preliminary
dzsign precedure, but are important re aveid larer problems of mechanical
suitability, habitability ard cperability. Me. M:31ldeisk's DIMR
Reperts 1451 of Dezember 1960 and 1609 of April 1962 will assiat in
better communizaticn betwaen the s:ientist doing rasearch and develop-
ment work and the practicing naval architect.

(A) Design Procedures

’

The objective is to esuablish rutional metheds te te used
during the design stage cf a naval v=:sel to prevenu vibtrztion levels
which will interfere with preper functicning cof shiprcard equipment.
Reasonably simple mathods of predicring hull and ms:hie-ry resprnse
should be provided. Shaft rpm and blade frequency =huuid be chosen to
avoid hull resonancez, where possitle., The zhiize of propellers and
details of hull design should be studiz1 to cobtzin minzimum exciting
forces.

I+ is the objeztive cf ths Vikrevirn Divisicn - develnp a
computer process cr processes which weuld logieally fin dnte the de-
zign pronedure. For =xampie, it is qui<= 1-g1:xl oras futh & program
¢f vibraticn analysis could be utilii=d 1n the 2avily stag=s of pre-
liminary design as an accepted influen:-..n pr-liminary lines, machinexy
details, general arrangement, cheice of prop-llers, ery. This program
presumably would repla:s the limited vilrati1 = sanz yae~ that are nw
carried out, genevally after the fact. Tu i btvicus P wever, that such
a program requires the following basic ingrediznv: befire (ne design
¢an bte comparsd to another or before a deasign o#n te evaluated agiinst
a given control factor:

(a) & "Basic Jomputer Program” (Fure w- sre teferring to a

YRazi~ Computer Program" as a ssriez of coded prebl-ms) whih parmits
the study ¢« f the response of & me:haniral system,
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(b) A compuer program which permits the rapid computation
of the exciting forces;

{c) A better understanding of damping mechanisms;
(d) Improved knowledge cf virtual mass;

(e} Suitable vibraticn specificaticns or limits cf accept-
ability for vibration of the system under study.

(f} Full-scule program of applicability studies.

At this time a "Basic Computer Program" exists at David
Taylor Model Basin and is applicsble to any mechzaical system, such as
a ship's hull cr main propulsion plant. The respense of a ship to
simple harmoni: driving forces {s a fuastion already svailable in the
"Basic Computer Program.” Studles of bull motility, when driven by a
unit exciting for:e, is frequently carried cut. Vertical tending modes,
25 well as orher modes, are also computed regularly. 7The respcnse of
shafting systems, is also regularly :omputed. It is falr to say that
a "Basic Computer Program' which permits the study of the response of
a given mechanical system presently exists. A handbook on "Coded Vibra-
tion Froblems™ which describes the individual problems, is being prepared.
Another project, "Mechanized talculation of Ship Paramsters,’ is essential-
1y complete. This project is intended to simplify the determination of
computer inputs for studies of hull respcuse.

The analysis of wake patterns, necessary to the development of
exciting forces already exists. A computer program which permits the
development of wake harmonics from wake patterns, also exists. The cal-
culation of propeller exciting forces in various wakg distributizns has
been developed by Pien., What remains to be done in this atea however, is
the development of the process to that stste of perfgction whizh would
permit the rapid determination cf propell=zr fories is a routine msnner.
For example, the operation of any given preopeller in z given wake pattern
requires considerable detalled effort in werxking frop the propelier
drawings. Fresumsztly this process 2an be merhanized.

Further R & D effort is required. Although the faxtors of
damping and virrual mass can be handled -t the preseﬁt tims in the exisr-
ing basic program, the vonstints used, parti:wlarly that of dmmring, ave
considered inadeguare. A project bhas been initisted during the current
year to develop 2 program ou Hull Damping.

Vibration specifications or oriteria, is considered a long

range or "live' projeat. Our project vn "Vitrvation Norms" is intended to
serve this purpose but, even wben vompleted, must te contivually updatsd,
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In this regard, criteria or specifications for machinery vibration is
much further advanced.

The full-scale program of applicability studles is also an
active or "live" program. Whenever possible, full-scale studies (such
as the NS SAVANNAH Studies) are carried out to assist in developing
our prediction techniques.

(8} Development of Standards

Standard measurement and analysis prozedures are being
developed tc prrmit better comparisom with calaulations and with dats
obtained on other ships.

Norms of hull vibrations are teing prepared to define
specifications for tolerable vibration levels for various classes of
surface ships and submarines. For this purpose full-s:zale test datas on
all newly :onstru-ted vessels are collected and chara-teristicvs which
contributie to ship vibration are classified. Vitration nerms have
been already estasblished for the follewing submzrine «lasses: TANG,
TANG (imprcveldd, 420 (.onverted), TENCH, BALAO, BALAC {:caverted)},
SKIPJACK, GEORCE WASHINGTON, and THRESHER, and for the experimental
submarines: SEAWOLF, NAUTILUS, and ALRACORE. Work is continuing to
complete norms feor all submarines and plans are bheing developed to
establish norms for surface ships.

() Development of Specifications

Work has been started to estahlish general ship specifications
and to revise military standards, to determine envirommental vibraticn
levels for the more sensitive equipment being developed for installation
on specific vessels, Existing hull vibration data have hbeen rcerrelated
with existing Mil-83D requirements., After receipt of vikracion data on
the newest nu:lesx vessels, recommendations for revision of MIL-51D 167
will be submitted.
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 Part Two

S.N.A.M.E. HS-2-1 Program

The S6 Panel (Hydrostftucture Vibration) was organized in
August 1953 under the direction of the Hull Structure Committee of the
Society of Naval Architects and Marine Engineers. Probabtly the best
definiticn of the purpose and 6bjectives of the $-6 Fanel was presented
in October 1960 and were as follows:

1. To investigate the response of ship structures ro ex-
citing forces and thereby develop recommendations which would lead to
assured satisfactory ship vibration characteristics.

2. To recommend and support tesearch dire:ted toward an
improved understanding «f the response of ships' stru:tures to exciting
for:es.

3. 7To rezommend publication of vibration design criteria
and guides, through the S.N,A.M.F.

The program objectives of the S6 Panel are presently being
carried out under the newly formed Puncl HS-2 [Dynsmic loadings and
Respenses). This Panel held its first meeting on 15 February 1962 at
which the total interest of the Panel was assigned to three distinct
Task Groups:

1. Vibration Task Group N>, HS-2-1
2. Surge Loadings Task CGroup No. HS-2-2
3. Slamming Task Croup Ne, HS-2-3
I. The "Norm" Program
Background:

The vibration of ships’® hills and varicus lozal scrucetures are
the result of 1 - Forced vibration induced by thz propulsion machinery,
shafts or propellers, or I1 ~ Random vitrstice induced by hydrodynamai:
forces acting o the hull during rough westter opersticn. Both types of
vibraticn are of importance in the design and zounstructicn of commercial
as well as nsval ships.

The first type, forced (or steady state) vitration 1s generally

associated with propeller blade or shafr frequzncies cr with the major
for:es in the main machinery. This forced vibraticn may be resonant
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or non-resonant and is of particular importance in determining the
acceptability of the hull vibration levels under normal trial or
operating conditions (sea conditions not greater than 3 as defined by
the U.S. Navy Hydrographic Office Sea State Code.)

The second type, Random (or Transient) Vibration, is generally
associated with the natural frequencies of the hull or structural sub-
assemblies excited by wave impact or pounding of the vessel in heavy
seas. This vibration is random in nature, is a function of sea condi-
tions, speed and heading of the vessel and is of primary importance
in the determination of the vessel's seaworthiness and for adequacy of
the design of sub-assemblies such as antennae, masts, ete., under
heavy weather operations.

For simplicity we may say that the "smoothness" of a vessel-un-
der normal operating conditions in a sea state of 3 or less, is determined
by the forces generated and the structural response of the ship and is
associated with forced vibration. In like manner we may say that the
vessel's seaworthinesssor the adequacy of the design of its sub-assemblies,
is determined by the forces generated and the structural response of the
ship under the influence of heavy seas.

These two areas of vibration are distinct, the first having a
criterion of comfort, and the second of stress level. The evaluation
of these two types of vibration would therefore require widely different
considerations in the determination of levels of acceptability. This
program deals with the establishment of "Norms cf Vibration for Various
Classes of Ships" when stimulated by type I - Forced Vibration.

Purpose:

A long term program of study, under the joint sponsorship of the
H-8 and the original $~6 Panels, has as its objective the complete
understanding and control of the forcesz and structural response of a
vessel as influenced by forced vibration. It is the purpose of this pro-
gram, to define the "Norms" of vibration, for the forced vibration
observed under tial conditions, by empiri~al methods. Ry such an
approach it is expected that the following benefits will azcrme in a much
shorter pericd of time:

(1) By the association of design detxils to the rerformance of
a4 vessel, improvements may be made in new constructien;

(2) A "yardstick" for the evaluation cf a vessel's vibraticn
characteristics would be made available;

(3) A basis for a hull vibration specification would be formed,
for the mutual advantage of both builder and cperater;

(4) A set of industry approved standards cculd utlimately be
developed and periodically improved when appropriate, to prcvide vessels
of consistently improved characteristics.
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Aegroach:

The basis for the establishment of such a vibration criterion or
set of norms would fundamentally be the response of the ship's girder as
a free-free beam. As a secondary basis, the amplification of the hull
motion in any local structure would be considered. It would be the
ultimate objective to keep the vibration of the hull girder to 2 minimum
as well as the magnification of this motion in the local structures.

The importance of the vibration encountered is of course dependent
upon the forces generated, the response of the hull girder and the magni-
fication of the hull girder motion in the local structures of the vessel,
such as panels, masts, bulkheads, etc. It is reasonable to say that a
good design is one in which both the exciting forces and the magnifica-
tion of these forces in the hull are kept to a minimum. What the reason-
able minimum would be for any particular type or class of vessel neces-
sarily is dependent on many factors.

By empirical methods, by the collection of existing data and by
obtaining test data during the builder's trials of new vessels, it is
proposed to:

(1) Develop "Norms" for various classes of vessels; and,
(2) Classify the important design factors which contribute to the
general level of vibration existing on any particular class of vessel.

On the theory that the acceptable vibration may be based on the
considerations of what minimum levels have been obtained on a given type
or class of vessel as well as on the physiological response of passengers
and crews, it is considered reasonable and practical that this program
will produce a set of suitable recommendatdons for the guidance of ship
designers and shipbuilders, in developing vessels having more satisfactory
vibration characteristics.

Program:

The "Norm™ Program was planned in three phases:

Phase 1 - Conduct vibration tests on several ships in order to
establish a "Wibration Trial Code" and spe:ifications for a "Standard
Instrumentation Package."

Phase 2 - Obtain acceptance of the Trial Code by the Society; find

sponsorship for the purchase of the instrumentation package; and establish
a method for conducting standard vibration tests on a large number of ships.
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Phase 3 - Conduct statistical treatment of vibration data
collected in accordance with the procedure developed under Phase 2;
establish vibration reference levels or "norms"™ for various classes
of ships tested in accordance with the requirements of the Vibration
Code; and attempt c.relation of vibration levels with design data.

As of this writing Phase 1 has been completed. The proposed
"Vibration Code" has preliminary approval of the Hull Structure Committee
and appears as section III of this report on the S.N.A.M.E. HS-2-1
Program. The Maritime Administration has indicated a willingness to
support ‘the purchase of the "Standard Instrumentation Package" and
proposes to call for the necessary vibration tests to be included as
a part of the Builder's Trials for all ships built under the MARAD
sponsorship.

iI. long Range Objectives

The Long Range Objectives of the HS-2-1 Program is frequently
referred to as the Rational Approach to the design of vibration free
ships. The principal aspects of the program include:

1.- The development of the relationhhips between hydrodynamic
forces and structural response. This work naturally includes the
hydrodynamic studies carried out under the H-8 Panel.

2 - The development of conversion tecHhiques for design purposes.
This aspect of the program includes the prediction of the exciting
forces and the structural response of the ship to these forces.

3 - The publication of design guides, through the S.N.A.M.E.
In a manner similar to that employed in the DTMB Program, it is planned
to develop an analytical procedure which would permit the review of
the vibration characteristics of a propossd design while still in the
preliminary design stage.

Significant areas which still require development include:

1 - Virtual Mass

2 - Damping

3 ~ Propeller Forces (Hydrodynamic and Mechanical)

4 - Vibration Reference Levels (Based on the "Norm" Program)
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The virtual mass and damping studies will naturally be restricted
to those individual cases in which vibration generator tests and detailed
analyses can be carried out. The bulk of this work will have to be borne
by the Navy Department and the Maritime Administration, as is presently
being done in the studies of the NS SAVANNAH and in the past on the
SS GOPHER MARINER.

As a supplement however, damping data may be obtained from the
anchor drop test requested in conjunction with the tests called for by
the "Code for Shipboard Vibration Measurements." The oscillograph
records will be turned over to the HS-2-1 Task Group for processing.

At the present time a cooperative effort, sponsored by the HS-2-1
Task Group and the H-8 Panel, will be carried out in the Spring of 1964
on a commercial tanker, through the cooperation of the Humble 0il Co.
This study is aimed at the determination of the forces which enter the
hull through the water and thrcugh the shaft bearings. The cost of
instrumentation and testing will be borne largely by the Navy but hope-
fully, this limited program will start a pregram of cooperation between
the S.N.A.M.E. and the Maritime Industry in the U.S.

The vibration reference levels which would be used in assessing
the adequacy of a proposed design will be based on the "Norm" Program
which has been fully described in the previous section. This program
is well underway. What remains at this writing however, is the develop-
ment of a method of treatment of the data collected to compute the "Norms."
Efforts are underway at this time. However, suggestions would be grate-
fully received from the committee members.
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I1I. Code for Shipboard Hull Vibration Measurements

1, Obijectives

The objective of this code is to establish standard procedures
for gathering and interpreting data on shipboard hull vibrations
for single screw commercial ships. Such data are needed for comparison
of the vibratory characteristics of the hulls of different ships, as a
basis for modifications and for the establishment of vibrationnreference
levels for such ships. In general, comparative data can best be obtained
under the more uniform conditions present during ship trials, while in
the ballast condition.

2. Derivation of Requirements

This procedure is concerned only with the forced ship vibration
ex¢ited by the ship's propulsion system. That is, those vibrations
associated with shaft frequency, propeller blade frequency, harmonics
of propeller blade frequencies and with frequencids assbciated with
the major components of the main machinery.

These forced vibrations can be distinguished from transient
vibrations which generally occur at the natural frgquency of the hull
or structural sub-assemblies and which may be excited by wave impact
or pounding of the vessel in heavy seas. It is thereffiore apparent that
for the proper evaluation of the vibratory characteristics of the
hull, tests can only be run when the sea state does not exceed accept-
able limits for the particular ship. The ship must be operated, there-

fore, in a suftable depth of water and the rudder action should be

23



minimized to + 2° to avoid superimposing transient excitations to the
vibrations in use by the propulsion system. The responses of the ship's
hull to the forced vibration of its propeller and machinery plant is
best determined by measuring the response of the hull girder to the
driving forces. Since the ship's hull is a free-free beam the fan-
tail is an anti-node for all modes of vibration and is therefore most
appropriate as the primary point of reference since the beam vibration
patterns for all ships are similar, particularly so for commercial
single screw ships.

The responses of local structures can be evaluated in terms of
the ratio of amplitudes of the local structure with that of the hull
girder at that point. An exception to this is the fore and aft motion
of the main thrust foundation. The alternating thrust forces produced
by the propeller may result in dangerous thrust bearing or machinery
vibration as a result of a longitudinal resonance in the propulsion
gsystem.

3. Test Standards

a., 7The test should be conducted in a depth of water at least
five times the draft of the ship, prefereably six times the draft
of the ship.

b. The test should be conducted in a calm sea, sea state three

or less.



¢. The measurements should be taken as follows:

(1) Fantail - Vertical and athwartship measurements, close
to longitudinal centerline and as close to the aft perpendicular (A.P.)
as possible -~ over deep frames or heavy stiffeners to insure obtaining
the rigid bocdy motion of hull. |

(2) Main thrust foundation - Vertical and athwartship
measurements, to obtain local response of thrust foundation. Fore
and aft measurements should also be made to determine the response of
the thrust foundation to the alternating thrust forces.

(3) Other local sub-structures as desired - when evidence
of local resonances occur, measurements should be made as the basis
for required stiffening.

d. The quantities to be measured are:

(1) Frequencies

(2) Displacement amplitudes

(3) Waveform (oscillograph record)

(4) RPM (by the addition of a time marker or known paper
speed, actual rpm is to be computed from oscillograph record.)

If available, the measurements should be recorded by means cf an

electronic recording system consisting of velocity type transducers
(which produce a signal proportional to velocity), integrator, amplifier,

and recorder. This system is available at the Maritime Administration.



&, Test Procedure

(2) Determine ship particulars.
(1) Ship dimensions;
(2) Propeller type, dimensions, and number of blades;
(3) Propeller aperture clearances;
(4) After-body configuration;
(5) Type of power plant;
{(6) SHP, RPM & dpeed for various ratings,
(b) Note test:conditiodns.
(1) Displacement
(2) Drafts Fore and Aft;
(3) Loading or Ballast plan;
(4) Depkh of water;
(5) Sea state
(¢) Take data during the following conditions:
(1) Each 5 rpm increment from 1/2 speed to maximum speed;
(2) Hard turn to port; at maximum speed
(3) Hard turn to starboard; at maximum speed
{4) Crashback - full ahead to full astern;
(5) Anchor drop and snub test (to determine hull natural
frequencies).
(d) Data taking procedure

(1) Permit ship to steady on speed for constant speed runs;

~r
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(2) Take sufficient length of paper to permit collection of
maximum and minimum values (about one minute for single screw ships.)

(3) For maneuvers, start recorder as throttle or wheel is
moved. Allow to run until maximum vibration is noted. This normally
occurs when ship is dead in the water during a crashback maneuver or
when the ship is fully in a turn.

(4) For anchor drop and snub test let the anchor fall free
and rapidly apply windlass brake., This should excite fundamental
hull modes. Data should be taken continuously, starting with the
anchor release and ending when vibration ceases. Ship must be dead
in the water for this test.

(e) Calibratdon

(1) System calibration - An overall system calibration is
required to obtain overall system calibration factors. This is to be
done in the laboratory prior to the test., A positive displacement
mechanical calibrator should be used.

(2) Electrical calibration - An electrical calibration
signal should be applied during the test to permit compensation for
any variation in signal gain. This operation should be repeated at
approximately 30 minute intervals during the test.

5. Data Analysis and Reporting

(a) The following data is to be evaluated for all runs:
aximum overa values »f amplitude;
(1) M 11 val £ litud
(2) Maximum lst order amplitude;

A
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(3) Maximum amplitude of blade frequency;
(4) Maximum amplitude of blade frequency harmonics;
(5) Maximuﬁ amplitudes at hull resonant frequencies.
Note: Maximum amplitude is interpreted as the average of the top 10%
of all amplitudes present at a given frequency. Procedures
~f =i for reducing oscillograph data should be in accordance with
that shown in '"Waveform Analysis," by R.G. Manley, John Wiley
and Sons., Inc., 1946.
{b) Data presentation should include the following curves:
(1) Vertical hull vibration;
(2) Athwartship hull vibration;
(3) Vertical vibration of thrust bearing housing;
(4) Athwartship vibration of thrust bearing housing;
(5) Fore and aft vibration of thrust bearing housing;
(6) Other curves as appropriate.
(c) Method of presentation of data:
(1) All curves should show displacement amplitude in +
mils, plotted against rpm for Free Route (Straight Course) Runs.
(2) All data should be tabulated, as shown in the following
table, for both Free Route (Straight Course) Runs and Maneuvering Runs.

(3) Oscillograph records for the Anchor Drop Test should be

submitted directly to the S.N.A.M.E., Hull:Structure Committee.
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TABLE 1

Frece Route (Straight Course) Runs
Maximum Amplitude (MILS, Single Amplitude)

Run | Shaft Speed Depth Frequency | Order Fantail Thrust Brg. Hsg,
No. RPM feet cpm Vert. | Athw. Vert. }Athw.] F&A
2

5
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APPENDIX A

SAMPLE TEST REPORT

The information presented herein is taken from S.N.A.MLE.
Report "Vibration Measurements on "Ship S6-4" during builder's
trials.” Specific referances to the owners and shipbuilders

have been omitted.

Although detailed trial agendas will vary from ship to ship,
the procedure employed on "Ship S6-4," is considered typical
for vibration tests conducted under the S.N.A.M.E. developed
program. Qualifying notes are added in the sample report,

as required.
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SECTION 1
SHIP PARTICULARS
The ship is a single screw cargo ship, built by the-------

Shipbuilding Corporation. An inboard profile is shown in Figure 1.
Principal dimensions are as follows:

Length: Overall 572"

Between Perpendiculars 541'0"
Breadth: 75'0"
Depth: 42'6"
Draft: 30'6"
Tonnage: Deadweight 12,700 Tons

Gross 11,310 Tons

Net 6,809 Tons
Maximum Displacement: 20,110 Tons
Blbek Coefficient: «57

MAIN MACRINERY DESCRIPTION
MAIN ENGINES

The main engine consists of one high and one low press steam
turbine arranged in the installation to form a cross-compound-type
unit, Both turbines are equipped with eight stages for ahead oper-
ation. In addition, the low pressure turbine is equipped with two
stages for astern propulsion, Each reverse stage carried a double
row of blading. The two turbine rctors are connected through flex-
ible couplings tc the MD-97-D, double helix, double reduction gear,
which 18 connected to the propeller shafting.

For ahead operation the unit is rated a2t 16,500 SHP at approx-
imately 105 PRPM (Normal) and 18,150 SHP at approximately 108 PRPM,
when supplied with steam at 585 psig, 840° FIT and exhaust vacuum
of 28.5" Hg.

When operating astern, the turbine~gear set will develop 80%
of rated ahead torque at 50% of ahead speed with rated steam condi-
tions, and may be operated continucusly at a speed not in excess of
70% of rated ahead PRPM at 2.5 inches Hg abs.

REDUCTION GEAR
The speed reducing unit between the turbine and the propeller

is a double~reduction, double-helical gear.

o
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RATING

CHARACTERI STIC NORMAL MAXIMUM MILITARY
Shaft Horsepower 16,500% 18,150 23,500
Shaft RPM
HP Turbine 6,334 6,515 7,119
LP Turbine 3,689 3,794 4,146
I1st Red. H.P. 811 834 911
1st Red. L.P. 641 659 720
Propeller 105%* 108 118

% At rated steam condition.

The rotating elements of the gear consist of two firste-reduction
pinions, two first reduction gears, two second-reduction pinions,
and one main gear.

THRUST BEARING

The propeller thrust, in both the ahead and astern directions,
is transmitted by a main thrust bearing located immediately aft of
the main reduction gear. This bearing is located in the vicinity of
frame number 137, approximately 220 feet forward cf the aft perpendi-
cular.

PROPELLER

A four bladed propeller, 21 feet in diameter and having a pitch
of 21.61 feet at .7 radius is used to develop & maximum of 23,500 SHP
at 118 rpm.

Estimated Bpeed and power ratings at trial displacement of
11,560 tons:

NORMAL, POWER MILITARY POWER
Propeller RPM 109.2 120.4
Shaft Horsepower 16,500 23,500
Speed, Knots 24.0 25.7

Propeller Aperture Clearances, as calculatzd frcm ship draw-
ings, are given in Figure 2.

The lines, showing the stern configuration cf Ship S6-4 are
given in Figure 3.



FIXED SECTION

MOVABLE RUDDER

ol 0.7R

— SHAFT RAKE = .0116”PER FT,

BASE LINE

NUMBER OF PROPELLER BLADES = 4 D=21FT.

a = 383Ft f Not Applicable (No Shoe)
b = 6.17 Ft. g = 6.00Ft
t = 525Ft h = 968 Ft.
d = 8.93Ft. I = 3,67 Ft.
e = 60 Ft k = 10.75 Ft.

Figure 2 ~ Propeller Aperture Clearances (From Drawings)
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BALLAST PLAN ON SEA TRIALS OF 15 APRIL 1963

TANRER NUMBER FRAME NUMBER CONTENTS TONS CONDITICN
Fuel 011 Tanks

Settler Fud. - P/S 112-116 F.O. 150 Slack
Settler Aft - P/§ 116-120 F.O. 17 Slack
D,B. No. 4 -~ C.L. 84-112 F.O. 244 Full
D.B. No. 4 - P/S 84=112 F.O. 299 Full
D.B. No. 5A~C.L. 122-139 F.0. 127 Full
P.B. No. 5A-P/S 122-139 F.0, 182 Full
B.B, No. 6 - C.L. 139-164 F.0. 218 Full
P.B. No. 6 - P/S 139-164 F.O. 138 Full
D.B. No, 7 - P/S 164-184 F.O. 75 Slack
1450~
Freah Water Tanks
D.B. No. 5F-C.L. 113-121 F.W. 37 Slack
D.B. No. 5F-2/$ 113-121 ¥.W. 105 Full
Distilled Water Tank 113-139 F.W. 12 Slack
Portable Water Tank 113-139 F.¥W 25 Slack
179
Fuel Oil or Ballast or Cargo 0il Tanks
D.B. No. 1 - C.L. 15-37 F.W. 71 Full
D.B. No. 2 - P/S 37-38 F.UW. 130 Full
D.B. No. 3 ~ P/S 58=-84 F.W. 355 Full
Forepeak Stem~15 F.W. 90 Full
D.T. No. I - C.L. 15-27 F.W. 180 Full
D.T. No. 1I-C.L. 27-37 ¥.W. 255 Full
D.T. No. I1I-P/S 139-146 F.W. 345 Full
D.T. No. IV -P/S 146-155 F.W. 400 Full
D.T. No. V - P/S 155-164 - - - - Dry
D.T. No. VI-P/S 164~174 - - - - Dry
B<T. No. VII-P/S 174-184 F.W. 185 Full
D.T. No. VIII-P/S 184-196 - - - - Bry
Afterpeak 206-222 S.W. 300 Full
2311

SUMMARY OF DRAFTS, WEIGHTS ANB DISPLACEMENTS

Leave Yard * Trial Cdn.

Light Ship, Crew & Effects, Stores 7,620 7,620
Fuel 011 1,450 1,450
Fresh Water 179 79
Ballast _ 2,011 2,311
Total Displacement = = = = - - 11,260 11,560
Draft Forward 158" 14739
Draft Midship 185" 18°10"
Praft Aft ) 2127 25'5"

*%Aft Peak Taak Emptfy v Y



SECGTION 1I

INSTRUMENTATION

(Note:. "If the standard instrument package available from the Maritime
Administration is used, a standard write-up will be provided for this
section,)

Figure 4 shows the block diagram of the electronic iInstrumentation
used on this survey.

The MB Vibration Pickup 1s an electromagnetic seismic insstrument
which generates a voltage proportional to the velocity of vibration. As
shown on Figure 3, this voltage is amplified by the Ballantine Decade
amplifier, and passed through an NKF integrator to convert velocity to
digsplacement. This displacement signal is then recorded through the
Edin amplifier and oscillograph.

Two types of MB pickups were used; the type 120 and the type 124.
These pickups are similarly constructed and have the same nominal
sensitivity of 94.5 mv per inch/sec. The type 120 has a natural fre-
quency of 2.25 cps, as compared with a frequency of 4.75 cps for the
type 124, Thus, the type 120 would be useable at a lower frequency.

A brief description of each component of the electronic instru-
mentation follows:

1. MB type 120 Velocity Pickup
Velocity sensitivity = 94.5 mv/in/sec.
Flat Frequency from 5 to 1000 cps.
Electro-magnetic damping = .65 critical,

2. MB Type 124 Vibration Pickup
Velocity sensitivity = 94.5 mv/in/sec.
Flat Frequency from 8 to 1000 cps.
Electro-magnetic damping = .65 critical.

3. NKF Selector Switch - this provides means for switching
any of 12 different input signals into either of two recording
channels.

4. Ballantine Decade Amplifier Model 220B - this unit is used
to amplify the transducer ourput voltage before integration.
This amplifier can be set to either 10x or 100x amplification,
An amplificaticn of 10x was used during this survey.

5. NKF Integrator =~ this unit provides two channels of either
single or double integration.

6. Edin Amplifier Model 8105 =~ this is a stable high gain D.C.
amplifier, with means for attenuating the signal to provide the
desired size recording on the oscillograph.

=]

i

P
Y



7. Edin Oscillograph Model 8062 - this is a direct
writing two channel oscillograph, with three paper speeds
varying from 0.5 to 12.5 cm/sec. A paper speed of 2.5
cm/sec. was used for most of this survey. A solenoid
operated events marker was added to provide the common
timing and synchronizing pulse.

8. Heathkit Oscillator - this unit provides the cali-
bration signal.

9. Ballantine Vacuum Tube Voltmeter, used to monitor
the Calibration Bignal.

Frequency checks were accomplished by the use ¢f constant paper
speed on the oscillograph. In mcst cases a speed of 25 mm per second
was used. On occasion however, a paper speed of 125 mm per second was
used.

The pickups were installed on tri-axial brackets which were
clamped to the main thrust foundation and to an angle welded to the
deck over the main transverse member at the aft-perpendicular in the
steering engine room. Figures 5 and 6 show the pickup clusters. The
instrumentation was installed in the workshop, just forward of the
steering engine room. Figure 7 shows the instrumentation arrangement.
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SECTION III
CALIBRATION

(Note: 1If the standard instrument package available from the Maritime
Administration is used, a standard write-up will be provided for this
section.)

The MB Vibration Pickups were calibrated on the NKF Scotch Yoke
Calibrator. This calibrator is a motor driven shaker. The impressed
amplitude was + 50 mils. A variable speed control provides the fre-
quency adjustment. A range of 1 to 20 cps was used during the
calibrations.

The transducer outputs were fed into the electronics shown on
Figure 3, a more convenient technique was used for maintaining cali-
bration of this system throughout the calibration runs and the actual
test runs. With the application of a known signal from the oscillator,
monitored by the vacuum tube voltmeter, the signal size on the oscillo-
graph chart is maintained constant by a simple adjustmpnt of the
sensitivity dial on the Edin Amplifier. Thus checks are possible after
each run and any variation in gain of the system, is readily compensated
for.

Figures 8 and 9 show the calibration curves for the pickups used.

The Galibration factor is used to determine the amplitude of
vibration by insertion in the following expression:

Amplitude + mils = D.A. x Attenuation Setting
- Calibration Factor

there:

D.A. = Double amplitude in millimeters, as measured on the
oscillograph record

Attenuation setting = Attenuation setting of the Edin
amplifier as used on any particular run.



CALIBRATION FACTOR
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Figure 3 — Calibration Curves —~ Fantail
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CALIBRATION FACTOR
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Figure 9 — Calibration Curves — Thrust Foundation



SECTION IV
IEST PROCEDURE

(The test procedure was designed to permit data collection
during the Builder's Trials with minimum interference with the scheduled
program. As the ship left the yard data was taken in shallow water and
with the Aft Peak Tank empty. Drafts and displacements are given under
Section I, Ship Particulars,)¥W

The remainder of the test program was conducted in deep water, with
the Aft Peak Tank full. The displacement during these tests was estimated
at 11,560 tons. Actual conditions and drafts are given under Section I.
Throughout the test the sea condition did not exceed Sea State 1.

During the steady speed runs, data was taken at 5 rpm increments,
between 80 rpm and full power. Data was also taken at specific operat-
ing speeds which were equivalent to the Normal, Maximum, and Military
ratings of the propulsiocn system. During the remainder of the test
conditions, data was taken at the convenience of the ship. F¥For coordi-
nation, phone communications were established between the test compart-
ment, the engine room and the bridge by the use of a temporary hook-up.

(Note: If the Maritime Administration Instrument Package is used, the
following procedure is simplified since all channels are recorded
simul taneously.)

The recording system used permitted data taking on two channels
simul taneously, as noted in Section II, Instrumentation. For con- .
venience, three runs were made at each speed increment during the
constant speed runs. The sequence of operation is shown in the following
Table, together with the switch position and the corresponding pickup
location:

RECORDING PROCEDURE

Run Switch Position Pickup Lceakion Pickup No.
A I* - 1 Fantail - Vertical 11827v
IT - 4 Thrust - Vertical 11826V
B I - 2 Fantail-Athwartship 8843H
I1 - 5 Thrust~Athwartship 8958H
C I - 3 Fantail-Fore & Aft 9452H
II - 6 Thrust - Fore & Aft 8391H

*Roman numeral applies to recording channel.

For the anchor drop test, vertical measurements were made at the
Fantail and Thrust when the scarbeard anchor was dropped. Atbwartship
measurements were made at these same lozations, when the port anchor
was dropped. Nc respons: wss anted und<r these conditions. This was

#% Shallow water data not required
i ) 2T
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not unexpected however. Data was taken continuously during the
anchor drop test while the anchor was repeatedly played-out and snubbed.

During the maneuvering runs, data was obtained on the Fantail
in the vertical direction and at the Thrust in the fore and aft
direction. During Astern cperation and Crash ahead condition, channel
IT was switched from fore and aft at the Thrust, to athwartship re-
sponse of the Fantail,

SECTION V

DATA REDUCTION FROCEDURES

(Note: If the standard instrument package available from the
Maritime Administration is used, a standard write-up will be provided
for this secztion.)

The methods employed in reducing the test data is of equal
importance to the proper choice of instruments, adequate calibration
and suitable test procedure. Since the vibration present in the hull
of a ship does not remain at an equal level, but rather, increases
and decreases, it is most important that a standard technique be em-
ployed in the evaluation of data for comparative purposes.

In this program the maximum value is taken as the average of the
highest 10% of all amplitudes at a given frequency. Thus, only those
sections of the cosciltograph records which show the largest amplitudes,
need be reduced.

The measurement of the amplitudes on the tapes themselves is
considered important. Since the records are not normally evaluated
by a formal Fourier Analysis, nor does the evaluation warrant it, it
is nevertheless important that a common and acceptable procedure be
employed. A sine wave of the predominart frequency should be drawn
through the complex wave. Thus, the actual vibration record is replaced
by one of mean amplitude. This is particularly apparant in the elec-
tronic data which hss zdeauate respconse and amplification to record
most frequenczies present. As a pracstical demonstration of this proaeas,
see Manley, R.C., "Waveform Analysis,” John Wiley & Sons, Iaz., 1946,



SECTION VI

IEST RESULIS

The results of the Steady Speed Runs are given in Table I.
Table I is divided into three sections, for the conditions noted:

(a) Aft-Peak Tank Empty - Shallow Water
(b) Aft Peak Tank Full - Shallow Water
{c) Aft Peak Tank Full - Deep Water

Ordinarily only the deep water condition would be studied,
preferably with the Aft Peak Tank full, 3In this instance however,
further information was desired on the influence of depth of water,
displacement, the presence of fluid in the Aft Peak Tank and rudder
control. The additional runs for conditions (a) and (b) would not
be required in future tests.

The results of the Maneuvering Runs are given in Table II.
Since only two channels could be recorded simultaneously, the
selections made were as noted in Section V, Test Procedure. If a
multi-channel system is used in the future, all channels could be
recorded. It is recommended however, that only the Fantail, vertical
and athwartiship measurements are important.

The anchor drop tests permitted the identification of three
vertical modes of flexural vibration of the hull at 1.5, 2.75 and
4,93 cps. The main purpose of the anchor drop tests is to determine
these frequencies and to provide a basis for estimating damping charac-
teristics of ships hulls. Since this aspect of the program is more
fundamental in nature and not directly associated with the evaluation
of the ship's vibration characteristies, no further discussion on
the subjeet is given in this report. On future studies which may be
carried out on other ships, it has teen propcsed that the oscillograph
records obtained during the anchor drop tests be included with the
report., The study cf hull damping characteristics may then be under-
taken as a separate program,

s e
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SHIP S6-4

TABLE I - STEADY SPEED RUNS

AVERAGE MAXIMUM AMPLITUDES (+MILS)

TEST OF 15 APRIL 1963

Run R¥M Depth Frequ. Order Fantail Jhrust
No. Fathoms CPM Vert. Athw, F.&A Vert, Athw. F&A
Aft. Peak Tank Empty - Shallow Water
6 90 7 360 4 2.5 .9
720 8 1.8 .3
1080 12 o2
-9 105 7 420 4 7.0 3.2 2.4 8 2.1
840 8 1.1 .7 .2 .2
11 111 7 L44 4 4.6 1.1 1.4 .83 2.0
888 8 .6 1.4 «5 .2 .1 .2
14 112 15 448 4 2.9 1.5 5 .8 1.5
896 8 .6 S5 .6
17 117 15 468 4 4.2 2.5 .6 .5 .7 1.0
936 8 1.7 o7 .6 o2 .1 .3
Aft Peak Tank Full - Shallow Watexr
53 112 14 448 4 3.2 1.3 o5 A4 1.9
896 8 1.1 +5
Aft Peak Tank Full - Deep Water
23 80 80 1 8.0 .
320 4 1.0 . .3 .3
640 8 .7 .8 .2 .2 .9
24 85 85 1 16
340 4 .8 .1 o4
680 8 o7 .8 .2 a2 .7
25 80 90 1 38.4
360 & 2.7 .6 .5 .1 .2
720 8 ) .2 4
1080 12 .13
26 95 95 1 10.7
380 4 1.0 2.9 .9 iy A
760 8 o7 .3
1140 12 .18
27 100 100 1 6.3
400 4 .7 .4 o4 5 o7
800 8 1.3 .9 .2
1200 12 .22
28 105 105 1 5.0
420 4 1.7 .8 b 4 0 1,6
840 8 .7 .1 .1 .1
1260 12 .24



Table I (Continued) - Steady Speed Runs

Run No. RPM Frequ. Order Fantail Thrust
CPM Vert., Athw. F.&A, Vert. Athw., F.8A,
29 110 110 1 4.4 '
440 4 1.8 .5 .5 1.6
880 8 1.1 o7 5
31 113 150 %* 6.6
452 4 2,9 1.0 .6 .7 1.6
904 8 .6 S5
34-a 117 90 * 10.7
468 4 2.3 2.0 1.2 .8 2.0
936 8 .3
35-b 116 90 ¥ 21.4
464 4 2.9 2.0 1.3 .8 2.8
928 8 .3
36-c 116 90 %* 14.3
464 4 1.4 1.7 1.4 .5 1.9
928 8 .91 .3
39 119 90 #* 17.9
476 4 4.0 2.3 2.2 1.1 3.1
952 8 o
40 120 480 4 6.9 2.5 2.2 1.2 3.4
960 8 .5
41-b 123 492 4 6.2 2,3 3 2.2 1.1 2.4
984 8 5
43-a 121 484 4 8.0 2.3 2.2 1.2 2.5
968 8 N
44-c 121 484 4 7.4 2,2 ' 2.3 1.3 2.3
968 8 LA

*Notes: *Constant Frequency ~ Fundamental Mode Hvdrodynawzically
excited

%% Run a - Manual Steering

Run b =~ Automatic Steering
Run ¢ =~ Free Rudder

*% Not normally required



SHIP S6-4

TABLE II - MANEUVERING RUNS

AVERAGE MAXIMUM AMPLITUDES - (BMILS)

Test of 15 April 1963

Run RPM Condition Frequ, Order Fantail Thrust
No. CPM Vert., Athw. F.&A.
46 122 Full Rudder L & R 488 4 6.8 3.7
11.4 4,9
119 35° L & Hard Left 165 * 14.0
165 * 6.4
476 4 12.6
113 35° R 90 * 28.6
117 165 * 8.1
120 35° L 90 *  32.1
480 4 11.4
47 n = 123 Pud. to 73 Astern 90 * 85.7
- - 165 * 37.2
67.5A Astern Operation. 270 4 16.6
64.5A 258 4 28.5
67.5A 630 - 1.7
64.5A 618 - 1.1
48 ~ « 0 to 73 Astern 860 - 3.9
- - 590 - 2.9
72A 90 * 14.3
72A 280 4 3.9
72A 560 8 2.8 4.1
50 72A .73 RPM Astern 165 * 1.5
288 4 2.1
H.F. - 2
51 -~ - 73 Astern to Stop 90 * 57.1
-~ - 165 * 17.4
- - 270 * 17.8
- - 330 * 13.3 19.7
- - 408 8 5.7 2.0

Notes: 1. With the two channel recorder, only the more significant
readings were taken,
2. Some doubt exists on the position of the rudder
at the time the data was taken during turns.
%~ Constant frequency - indicates hull resonance.

Y
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PART THREE

BIBLIOGRAPHY OF U.S. SHIP VIBRATION RESEARCH
by
V.S. Hardy and G.P. Antonides

The purpose of this bibliography is to list the publications which document the
significant research work done in U.S, on ship vibration. It consists of three sections:

I. Basic Reports
II. Ship Structures Reports
11l. Machinery Reports
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1. BASIC REPORTS

Adamz, Enily J. and Welch, A.R., *‘Calculations of
Flosural Critical Frequencies of Ship Hulls by Prohl’s
Method,”” DTMB Report 5832, July 1947,

This report extends Prohl’s method for the calcalation of the
flexursl critical frequencies of flexible rotors to the calculation of the
fiexural critical frequencies of ship hulls. The method is simplified and
s¢t up so that the computations can be readily made with a punch-card

machme,

Adamz, Emily Jq, **The Steady-State Response of a
Ship'= Hull 10 a Simple Harmonic Driving Force Computed
by a Digital Process,” DTMB Report 715, May 1850,

A numerical method of finding the steady-state response of the
hull of @ ship to a sinuscidal driving force is described. Results of
calvulations for the vertical flexural vibration of the USS NIAGARA
LAPA 87) are given and compared with experimental data. It is also
shown that the vibration of the hull at a frequency other than one of the

natural mode frequencies may be calculated as the sum of the vibrations

of the natural modes comp ded by a lization process.

Baier. 1.\, and Ormondroyd, J., **Vibration at Stern of
singl e-Serew Vessels,”' ®NAME Transactions, Vol, 60,
pe 10, 1952,

This paper is concerned with the problem and elimination of
[aintasl vibration as experienced on bulk carriers operating on the
Great Lakes: however, 1t is thought that the solutions evolved are

applicable to other tvpes of vessels,

Birmingham, John T,, ot al,, ‘“Statiztical Presentation
ol Motions and Hull Bending Moments of Destroyers,’* DTMB
Report 1195, September 1960,

The motions and the longitudinal hull bending moments that a
destroyer of the DD 692 Class is expected to experience over & wide
tunge of operating conditions are presented in statistical form. Criteria

are derived for use 1n design and operational problems.

Brestin, J.P., ‘A Theory for the Vibratory Effects
Produced by a Propeller on a Large Plate,’” Journal of
Ship Research, Vol, 3, No. 3, p.1, December 1959,

The flow generated on an infinite plane or wall by a single-
bladed ship propeller rotating on a shaft parallel to the plane in a
unifurm. superposed stteam 13 first considered, and the case of non=
uniform inflow is then considered and shown to give nonzero vibratory

feori vs.

Bre-ling JLP,, **The Unsteady Pressure Field rear a
Ship Propelier and the Nature of the Vibratory Forces Pro-
duced on an Adjacent Surface,”” Stevens Institute of Tech-

nology, ETT Report 609, June 1956,

Fution on a flal piale were calculated in 8 uniform flow when a
stogle-hine vortex passed the plate. The calculations were for the two-
hmensionsl problem. Results shew that clearances behind the vortex
arv Aol as important as olegtances ahead of the vortex, or clearances
terween hull and progeller are mure sigmificant than those between

freoapeier and mdder.

54

Breslin, J.P. and Tsakonas, 8, “Marine Propeller
Pressure Fiold Due to Loading and Thickness Effects,”
SNAME, Vol. 67, p. 388, 1858,

This paper deals with the total field produced by blade-thickness
effects as well as that due to loading. This is a new treatment of the
pressure field., It has produced closed form enswers in terns of
tabulated elliptic integrals to replace the numerical hammonic analysis
formmerly employed.

Buchmann, E,, *‘Criteria for Human Reaction (o
Environmental Vibration on Naval Ships,’” DTMB Report
1635, June 1982, Also published in Proceedings of
Institute for Environmental Sciences, June 1962,

This report presents the results of an extensive search of
existing literature on human reactions to vibration, Vibration norms
for human reaction are suggested.

Buchmann, E. and McConnel, J,D,, ‘*Environmental
Conditions of Ship Motions and Vibrations for Design of
Radar Systems on Destroyers and Aircraft Carriers,*’
DTMB Report 1298, July 1959,

Rigid-body motions and vibrations measured over a long period
of time and a wide range of operating conditions, are used to determine
the environmental conditions of vibration and ship motion for use in the
design of radar installations. Extreme values for shap motions in severe
seas ate predicted. Application of the data to design problems are

discussed,

Gatewood, , W,, ‘“The Period of Vibration of Steam
Vessels,” SNAME, Vol, 23, p.119, 1915,

The basis of this paper is that, by changing the loading of the
vessel where the vessel is considered to act like a beam, the period of
vibration is automatically changed. Computations are given for the
periods of vibration when the ship is represented as a beam.

Jasper, N.H., **A Design Approach to the Problem of
Critical Whirling Speeds of Shaft-Disk Systems,’’ DTMB
Report §90, December 1954,

The problem of resonant whirling of propellershalt systems is
discussed with special emphasis on those factors determinning the
critical speeds. Several methods for computing the natural whirling
frequencies of propeller-shaft systems are presented and discussed,
Computed and experimentally determined natural frequencies are
compared.

Jasper, N.H., ‘‘Statistical Distribution Patterns of Ocean
Waves and of Wave-Induced Ship Stresses and Motions, with
Engincering Applications,” DTMB Report 921, October
1957, Also publizhed in SNAME Transactions, Vol, 64,
1956,

This research attempts 10 show that by utili2ation of statistical
metheds, it is possible 1o descnibe and predict seevice conditions for
ships in an orderly and relatively simple manner despite the general
complexities of the problem.

Wave-induced motions =nd stresses in ships obtained under a
wide range of operating conditions are presented for seven different
ships.



Kapiloff, E,, “Calculation of Normal Modes and Natural
Frequencies of Ship Hulls by Means of the Electrical
Analog,"* DTMB Report 742, July 1854,

The electrical analog for the tranaverse vibration of a nonuniform
beum with both shear and bending flexibility is reviewed to illustrate
the general method of development of such a network. Inasmuch as the
dynamics of transverse vibration of & nonunifornn beam with shear and
bending flexibility are those for the flexural vibration of a ship huil
vonsidered as a free continuous, nonuniform beam, the practical applicas
tion of the analog is shown by presenting the normal modes of vibration
of a naval vessel,

Kennard, E,H,, **Forced Vibrations of Boams and the
Effect of Sprung Mas=ez,"* DTMB Report 855, July 1955,

Certain aspects of beam vibrations are discussed which throw
lLight upun particular features of ship vibrations, These aspects are:
antiresonances and effects of damping in forced vibrations, explicit
formulas being given for uniform beams; intemal versus extemal damps
on natural frequencies; and forcing

ing. effects of sprung
funcins resulting from sprung masses.

Leibowitz, Raiph C. and Kennard, E.H,, *“Theory of
Freciy Vibrating Nonuniform Beams, Including Methods of
Soluton and Application to Ships,”* DTMB Report 1317,
May 1961,

A comprehensive study, which reviews and extends previous
work, was made of the derivation of equations for digital and electrical-
anglog solutions of the natural frequencies and mode shapes of a ship’s
hull idealized as an elastic beam.

Effects of bending, shear, rotary inertia, coupled torsion and
bending, initial curvature of the elastic axis, spplied forces and torques,
sprung masses, and other inertias are included. The calculation of the
physical parameters from shup plans is described and the accuracy of
results discussed,

Lewis, FuM., ““Propeller Vibration,’* SNAME, Vol 13,
Pe252, 1935,

In 193] the Council of the SNAME sppointed a committee to study
the problem of propeller vibration. This paper covers the status of the
problem and the work of the committee to date,

Lewis, FuMe, “Propeller Vibration,** SNAME, Vol, 4,
P50, 19364

This paper is a report of work cartied out by the vibration
Reseatch Committee of SNAME during 1936, ‘

Lewiz, ¥F,M. and Tachmindji, A.J., **Propeller Forces
Exciting Hull Vibration,'* SNAME, Vol. 62, P,387, 1954,

This paper deals with the wotk accomplished under the sponser
ship of Panel H-8 of SNAME. It presents experimental results obtained
from medels, which include such effects as rpm, axial and tip propeller
clearances. Expetimental results obtained on full-scale vessels are
cvompared with those obtained from model experiments and the laws of

compatison are discussed,

Mathewson, Alice W,, ‘“Calculation of the Normal Verti-
cal Floxural Modes of Hull Vibration by the Digital Process,”
DTMB Report 706, February 1960,

A method for the calculations of Mexural frequencies and noemmal

modes of ship hulls 1s presented. A comparison of experimental and
¢ omputed natural frequencies are given for the USS NIAGARA (APA 87).
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McQGoldrick, R.T., ‘“Buoyancy Effects on Natural
Frequency of Vertical Modes of Hull Vibration,” Journal
of Ship Research, Yol, 1, No, 2, p, 47, July 1857,

‘This paper discusses the inertia and buoyancy effects on the
vertical flexural modes of hult vibration. The inertia effects of the
surrounding water is known to be very large and are always taken into
account in calculating the netural frequencies of hulls; whereas, the
buoyancy effects are inveriably neglected. It is shown that buoyancy
effect is negligible for vertical flexural modes except {or ships with
extremely low fundeamental vertical frequencies.

McGoldrick, R.T. and Kane, J.R., “Longitudinal Vibra-
tions of Marine Propulsion Shafting Systems,” SNAME,
Vol. 57, November 1949, Also DTMB Report 1088, Novem-
ber 1956,

This paper is intended to give methods to facilitate preliminary
estimates of the Jongitudinal critical speeds based upon estimsetes of
seme of the system constants, and to indicate the process by which
these estimated values may be calculated in more detail as detail draws
ings of foundations, thrust bearing mountings, propeller installations,
etc., are made available,

McGoldrick, R.T., et al., ‘‘Recent Developments in the
Theory of Ship Vibration," DTMB Report 739, October
1953,

It is shown in this report that by considering the ship hull as a
floating beam having shearing and bending flexibility wiin a distributed
viscous damping proportional to mass, it is possible to derive equations
of motjion under extemal forcea by the general Rayleigh method which
yields a zolution in terms of normal modes of motion.

McGoldrick, R.T., ‘“Ship Vibration,” DTMB Report
1451, December 1960,

This report presents a general treatment of the subject of ship
vibration, including both the structural and hydrodynamic phases, with
suggested procedures for dealing with vibration problems in the ship's
early design stage,

Noonan, E.F,, ““Mechanical Vibrations of Shiphoard
Equipment,” MIL-STD-16% (SHIPS) December 1954,

‘This is the Bureau of Ships approved standard for vibration
testing of shipboard equipment and machinery. .

Noonan, E,F,, "Tatlshaft Bending Stres<e= on 8% ESS0
JAMESTOWN," American Society of Naval Engineers,
Yol, 73, p,603, August 1961,

This paper presents part of the tesults obtained under the
research program ‘‘Tailshaft Failures’’ by SNAME. The paper is com-
prised of the following sections:

Section I, Background and Purpose

Section II, Instrumentation and Calibration

Section IIl, Test Results

Section IV, Harmonic Analysis

Section V, Phase Relationship

Section V1, Comparison with Previous Tests

Section VI, Comparison with Recommended Formulae

Section VI, Conclusions and Recommendations



Noonan, E,F., 'Vibration Moasurements on Ship 863
During Acceptance Trials,' NKF Report 8010, June 1860,
{Prepared for SNAME, Hull Structures Committea).

5 are eval d for probabt
adoption in the vibration code under development by SNAME. Various
operating conditions are simultaneously studied for their influence on
standard operating test procedure.

Various vibration test i

Noonan, Edward F, and Zaloumis, -Angeles, ‘‘Shipboard
Vibration and Noise Considerations in the Design of River
Towboats,’* DTMB Report 1758, July 1963,

This paper reviews some of the problem areas which are of
major importance to the naval architect in the design of river towboats
and offers reasonable suggestions to be considered in the design of
such vesgels.

Panagopulos, F.P. and Nickerson, A:M., ‘‘Propelier
Shaft Stresses Under Service Conditions,'’ SNAME, Vol. 62,
p.199, 1954

This paper gives work accomplished under the SNAME, Ships®
Machinery Committee Project NOS M-8 and M—11 for improving the
design of tailshaft and propeller shaft assemblies.

Polachek, H., *Calculation of Transient Excitation of
Ship Hulls by Fimite Difference Methods,” DTMB Report
1120, July 1957,

A system of (inite difference equations based on the nununiform
beam theory is presented for use 1~ “»e calculation of the response of
The conditions for stability of these
equations are derived. The feasibility of the method is tested by the

a ship hull to transient forces.

solution of a vibration problem for a specific hull discussed in DTMB
Report 1119.

Prohl, M.A., ‘A General Method for Calculating Critical
Speeds of Flexible Rotors,** Journal of Applied Mechanics,
Vol, 12, No. 3, September 1845,

‘The actual rotor is simulated by a rotor in which the mass is
concentrated at several equally spaced stationc. The masses are
considered to be connected by weightless flexural members,

Reed, F,E, and Bradshaw, R,T., '*Ship Hull Vibrations:
The Distribution of Exciting Forces Generated by Propel-
lers,”* CONESCO Report No, F-101-2, June 1960,

This paper ptesents a practical method of computing the three
components of force and the three components of moment on a propeller
with the water-inertia effects included

Ritger, P.D, and Breslin, J.P., ‘A Theory for the
Quasi-&teady and Unsteady Thrust and Torque for a
Propeller in a Ship Wake,"’ Steven= Institute of Technology
ETT Report 646, July 1935,

Unsteady acrodynamic theory is applied to problems of varying
thrust and torque experienced by a manne propeller working in a non-

uniform wake,
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Russo, V.L. and McGoldrick, R,T., *‘Eull Vibration
Investigation of S8 GOGPHER MARINER," SNAME Vol. 83,
1955, Also DTMB Report 1080, July 1956,

This report describes methods for determining influence coeffi-
cients for use with farmulas developed at DTMB for computing the
critical frequencies of whirling vibration of propeller shafting syatems,
and tabulates, for purpose of compaerisen, the computed and experi-

y de d natural freq ies,

Tachmindji, A.J. and Dickerson, MsCs, **The Measure.
ments of Qscillating Preasures in the Vicinity of Propel-
lers,”* DTMB Report 1130, April 1957,

Results are given for the oscillating pressures measured at
points in the freesstream, both ahead and behind the propellers, and on
an imaginary plane parallel to the propeller axis. The effect of pm,
propelier loading, end speed coefficient have been investigated.
Results have been obtained for the effect of the number of blades. -
The oscillating pressure for a 4-bladed propeller has been calculated.

Tachmindji, A.J. and Dickerson, MaC., ‘“The Moasure-
ment of Thrust Fluctuations and Free-Space Oscillating
Pressures for a Propel ler,” DTMB Report 1107, January
1957,

This report gives the instrumentation and technique of measure-
ment of the thrust fluctuations produced by a propelier when operating
in a variable inflow field. It also describes the method of measurement
of the oscillating pressure at a point in space in the vicinity of the
screw. Representative results are given for a propeller operating in a

series of similar wake distributions of varying magnitudes,

Taskonas, S,, et ales “*The Vibratory Force and Moment
Produced by a Marine Propeller on a Long Rigid Strip,”’
Stevens Institute of Technology, Davidson Laboratory
Report 817, March 1962,

The blade-frequency forces and moments produced on a long flat
plate of finite width by a propeller operating on & shaflt paraliel to the
long axis of the plate are found in terms of simple aigebraic formulas.
‘The formulas allow evaluation of the influence of tip clearance, number

of blades, thrust loading, advance ratio, and blade thickness.



2 SHIP STRUCTURES REPORTS

Abramson, H.N, and Chu, W.H,, *‘Effecls of the Free
Surface on the Flutter of Submerged Hydroloils,” Journal
of Ship Research, Vol 8, No. 1, June 1859,

Expressi for the teady 1ift and moment acting on an
oacillating hydrofoil submerged under a free surface are detived by an
extension of clasaical unateady thin-airfoll theory., The results of
flutter d for & hypothetical example.

ions are pr

Abramson, H.N. and Chu, W,H,, *A Discusaion of the
Flutter of Submerged Hydrofoils,** Journal of Ship
Research, Vol, 3, No, 2, October 1958,

This paper presents the results of 4 review and analysis of the
problem of flutter of submerged sutfaee.l.' It is noted that certain rather
serious discrepancies exist between lieory end experiment leading to
highly vative p 5 of flutter speeds. A number of
posaible reasons for these discrepancies are investigated end discus.
sed in detail,

.. Adams, Emily J., **The Steady-State Response of a
Ship's Hull to a Simple Harmonic Driving Force Computed
by a Digital Process,’* DTMB Report 715, 1959,

A numericel method of finding the ateady-stete response of the
hull of a ship to a sinusoidel driving force is described. Results of
calcylations for the vertical flexural vibration of the USS NIAGARA
(APA 87) are given and pared with § data. It is also
shown that the vibration of the hull at & frequency other then one of
the natural mode frequencies may be celculated as the sum of the vibra-
tions of the natural modes compounded by a normalization process.

Adams, E.J., and Welch, A.R., ““Calculation of Fiex-
ural Critical Frequencies of Ship Hulls by Prohl's Method,'*
DTMB Report 582, July 1847,

This report ds Prohl's hod for the calculation of the
flexural critical frequencies of flexible rotors to the calculation of the
flexural critical frequencies of ship hulls, The method is simplified
and set up so that the computations can be readily made with a puach-

card machine.

Albright, C.L., Jr.y *“Underway Hull Vibration Survey
of USS MITSCHER (DL-2),” DTMB Report 1154, September
1957,

Hull vibrations measured at the bow and stem under various
operating conditions were within tolerable limits. The hull exhibited
vertical resonances at 69 and 140 cpm and athwartships tesonances at
114 and 236 cpm. Some equipment vibrated excessively, such as the
radar indicatot (ot the Mk 67 director.

Albright, Clayton L., Jr,, ‘“Underway Hull Vibration
sSurvey of USS PLYMOUTH ROCK (LSD-29),” DTMB
Report 1029, May 19586,

Hull vibration measurements were made for various operating
conditions. A maximum of 11 mils vertical vibration single amplitude
was noted on the bow, and 42 mils on the stem. Hull vibration was
within twlerable limits, and there was little vibration of shipboard
equipment.
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Alinutt, R.B., “Investigation of Hull Vibrations of
USCGC PONTCHARTRAIN (WPG 70),” DTMB Report
R-284, August 1944,

Because two rather severe critical series of vibrations were
eacountered during the trials of a recent class of U.8 Coast Quard
vessels, vibrations produced in the PONTCHARTRAIN by 2 vibration
g were d to d ine the vari itical frequ ies of
the hull. It is concluded thet a 4« or Sebladed propeller would reduce
the hull vibration to acceptable tevels.

Allnutt, Ralph B,, ‘“Vibration Survey of the USS CORAL
SEA (CVB 48), Conducted During Ship Trials,’” DTMB
Report C-268, October 1349,

This vibration survey wes made to determine the vibration char-
acteristics of the hull and machinery with different propellers and to
determine the effect of various bottom paints on the inflow to the propel-
lers and thereby eifecting the ship’s vibralion. It was found that four-
bladed propellers cutboard and five inboard was the best arrangement,
and that the effect of different hottom paints was negligible.

Anderson, R.A, and Houbalt, J,C,, ‘‘Effects of Shear
Lag on Bending Vibration of Box Beams,’* NACA TN 1583, -
May 1948,

Andrews, John N,, **A Method for Computing the
Response of a Ship to a Transient Force,” DTMB Report
1544, November 1938,

A method {or determining the elastic body respense of a ship to
a seaway is presented, The force generated by the seaway is con-
sidered to consist of two parts, i.e., an unsteady hydrodynamic force
btained from the ed tigid body i
force. The force and mass-elastic parameters representing the hull

and a hyd

are used as input quantities on a digital computer to obtain the ship’s
response,

Baier, L,A, and Ormondroyd, J,, *‘Suppreasion of Ship
Vibration by Flow Control,’* Third Mid-Western Conference
on Fluid Mechanics, 1953,

Baier, L.A, and Ommondroyd, J., **Yibration at the Stern
of Single Screw Vessels,” Trans SNAME, Vol. 60, p;106,
1952,

This paper discusses means used to reduce the stem vibration
on Great Lakes bulk carriets.

Bales, Nathan K,, ‘A Method for Predicting the
Probable Number and Severity of Collisions between Foil-
borne Craft and Floating Debris,’* DTMB Report 1723,
August 1963,

This report derives a method for predicting the approximate
number of collisions producing a structural response of given severity
te be anticipated over a long operating petiod, The derivation is
based on certain assumed debrig item frequency distributions.

Bates, N.K,, *“The Ordinary Wave-Induced Responses
of a Victory Cargo Ship,"* DTMB Report 1734, December
1963,

The ordinary wave~induced midship vertical bending stress and
pitching, rolling, and heaving motions of a Victory cargo ship are
presented. Short-term, long-term, and maximum-value statistical
analyses are described.



Birmingham, J.T.y et. al, “*Statistical Presentation of
Motions and Hull Bending Moments of Destroyers,’ DTMB
Report 1198, 1960,

The motions and the longitudinal hul! bendi that a

destrayer of the DD 692 Class is expected to experience over a wide
range of operating conditions are presented in statistical foem. Criteria
are derived for use in design end operational problems.

Birmingham, J.T. and McGoldrick, R,T., *“Vibration
Gencerator Experiments on S8 GOPRER MARINER,** DTMB
Report 1011, March 1956,

Results ob d during itation by & hanicel vibr
generator of the 58 GOPHER MARINER under two different conditions
of loading are presented in this report. Observations are made on the
experimental technicues, with suggestions for improvements in future
investigations,

Bisplinghoff, R.L., *‘Method of Determining Natural
Modes and Frequencies for Transverse Vibrations of
Beams,”" Department of Aeronautical Engineering, MIT,
ONR Contract N5-0ri-07833, ONR Project NR-064-259,
1852,

Bleich, H.H., ‘““Nonlinear Distribution of Bending
Strezse= Due to Distortion of Cross Section,'® Transac-
tion= of American Society of Mechanical Engineers,
Paper No, 32, 1952,

Bresliny J.P,, “A Theory of the Vibratory Effects
Produced by a Propeller on a Large Plate,’* Journal of
Ship Research, Vol, 3, No, 3, 1959, '

The flow generated on an infinite plane by a single-bladed
propeller rotating on a shaft paraliel to the plane in a uniform inflow
is first considered, The vibratory forces of this system and multiblade
systems are discussed for conditions of uniform and nonuniform inflow.

Breslin, J.P.y ““The Pressure Field near a Ship Propel-
ler,** Journal of Ship Research, Yol. 1, No, 4, March 1958,

A brief summary is given of efforts in the field of naval archi-~
tecture on the problem of detemining the vibratory forces and moments
produced by a ship propeller, and an account of the principle contribu-
tion made by acronautical researchers on the problem of computing the
fluctuating pressure field near a propeller. Some characteristics of
the pressure field are discussed briefly,

Breslin, J.P., ‘The Unsteady Pressure Field near a
Ship Propeller and the Nature of the Vibratory Forces -
Produced on an Adjacent Surface,” Stevens Institute of
Technology, ETT Report 609, 1956.

Forces on a flat plate were calculated in a yniform flow when

_a single-line vortex passed the plate. The calculations were for the

two-dimensional problem. Results show that clearances behind the
vortex afe not as impottant as clearances ahesd of the vortex, or
clearances hetween hull and propeller are more significant than those

between propeller and rudder.

Bre=lin, J.P., “*Ship Yibration, Part | — Propeller-
Generated Excitations,’" Applied Mechanics Review,
Vol, 13, No, 7, 1960,

‘This peper presents a study of the bladesfrequency pressure
and velocity field near ship propellers, the forces that induce vibration
of neathy surfaces and structures, and the cyclic variations of the
thrust and torque developed by propellers operating in a variable flow
field at the stem of ships,
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Breslin, J.P, and Tsakonas, S,, ‘‘Marine Propelier
Pressure Field due to Loading and Thickness Effects,’
Stavens Institute of Technology, ETT, Note No, 518,
1959, Also Trans, SNAME, Vol, 87, 1959.

This paper presents the blade-freq y p ure field of a
propeller as a function of torque and thrust loading, and blade thickness
effects. The latter had not been accounted for previously, Theoretical

1 resulta.

results are pared to exy

Breslin, J.P. and Tsakonas, 8., *“The Blade Frequency
Velocity Field near an Operating Marine Propeller Due to
Loading and Thickness Effects,’’ Sixth Annual Conference
on Fluid Mechanics, University of Toxas, 1959,

The velocity fluctuations due to loading and blade thickness
effects at any point in the vicinity of a propeller operating in open
water conditions in an incompressible ideal fluid are detemined.
Broad cenclusions are drawn as to the relative magnitudes of the
contributions of each of the el to the i

velocity comp
The blade thickness effect on the pressure and velocity fields is shown
to be of primary importance.

Buchmann, E., **Calculated and Measured Vibration on
a Newly Designed Ship,** Symposiuvm on Vibration, Instru-
ment Society of America and Society for Experimental Stross
Analysis, 1961,

The use of higher horsepower engines requites a careful evalua-
tion of vibratory levels on ships. This presentation covers the calcula-
tion of ship vibratisn, the measurement of hul!l vibratoty characteristics
and the analysis and presentation of data as used at the David Taylor
Mode! Basin.

Buehmann, E,, *“Criteria for Human Reaction to Environ-
mental Vibration on Naval Ships,* Institute for Environmen-
tal Science, 1962, Also DTMB Report 1635, June 1962,

The results of an extensive research of existing literatvre on
human reactions to vibration, are presented. Vibration norms for human
reaction to vibration are suggested.

Buchmann, Erich, **Ship Vibration,*’ Insitiute of
Environmental Science, 1961,

Knowledge of ship vibration during any operation and in any sea
condition is necessary for the designer of shipboard equipment. Vibrae
tion levels are discussed for two classes of Navy ships, the 692 Class
destroyer and the ESSEX Class carrier.

Buchmann, Erich, ‘*“Vibration Measurements on Vessel
56—-1 during Acceptance Trials,’’ DTMB Report 1297,
February 1959, (Distributed only upon authorization of
SNAME, Hull Structures Committee,}

Undetway vibration test on passenger-cargo ship was conducted.
Test data wete used to evaluate the stability of DTMB two-component
pallograph.

Buchmann, E, and Birmingham, J.T., ‘“Vibration Survey
on U.8, Army Ship LT COL JOHN U.D. PAGE (BDL-IX),”
DTMB Report 1343, June 1959,

A vibration survey was conducted on this ship to ascertain the
cause of excessive vibration of bulkheads bounding the aft baltast
tanks in the area of the shaft alleys,



Buchmann, E, and Jasper, N.H,, ""Vibration Measure-
ments on Port Propulsion System of USNS POINT BARROW
(T-AKD-1},"" DTMB Report 1286, Decomber 1858,

Vibrations were measured to determine the cause of an engine
casualty. Large torque variations of the propeller shaft occurred at
very low rpm and generated thmst variation. These vibrations are
probably self-excited by large binding forces at the shaft bearings.
Vibration resonances at turbine and double-turbine frequencies occurred
at the turbine housing at about 140 shaft rpm and are probably excited
by unbalance in the turbine system.

Buchmann, E, and McConnel, J.D., **Environmental
Conditions of Ship Motions and Yibrations for Design of
Radar Systems on Destroyers and Aircraft Carriers,' DTMB
Report 1298, 1959,

Rigid-body motions and vibrations measured over a long period
of time and a wide range of operating conditions are used to determine
the environmental conditions of vibration and ship motion for use in the
design of radar installations, Extreme values for ship motions in severe
seas are predicted, Application of the data to design problems are
discussed.

Buckingham, E., “Model Experiments and the Forms of
Emperical Equations,” Trans ASME, Vol, 37, 1915,

Chuang, Sheng-Lun, “The TMB Flexing Stress Monitor,"’
DTMB Report 1560, February 1962,

A Flexing Steess Moniter has been developed to measure the
strains and to compute, record, and display the associated stresses
expetienced by a ship at sea. The continuous records are suitable for
statistical analysis at a later date to provide general information of

use in ship design.

Church, J.W. and Andrews, JoNey “A Model for the
Simulation of the Transient Vibration Resulting from Wave
Impact Loads on a Naval Vessel,” Presented at Shock and
Vibration Colloguium, Annual Meeting ASME, November
1963,

A structufal model of an arcraft earrier has been designed and
constructed in n=der to study the transient vibratory response of the
ship to impact-type wave loads. Tests will be conducted at various
speeds in regular and irreguiar seas, Test objectives are to establish
the validity of model simuiation techniques through compatison with
full+scale results and to provide data for evaluation of analog computer

procedures.

Corbett, J.P., **Summary of Transformations Useful in
Constructing Analogs of Linear Vibration Problems,”
AIEE Trans, Vol 6§, 1948,

This paper is concemed with the problem of representing linear
vibration systems in temms of electric circuits, The system under study
15 represented by linear differential equations with constant coeflicients.

Crawford, Lyndon and Ruby, Willin‘m doy “_.\lodel Tosts
on Hull-Deckbouse Interaction,”” B'I.lshlp:j Pro;eclj o
NS-731-1034, Final Report Project Nos SR 121, 8sC 67,
1955,
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Crawford, Lyndon, “Theory of Long Ships’ Super-
structures,’ SNAME Trans, Vol. 58, p.693, 1850,

The app t tendency of fund ! hull streases to be attenu
ated in the superstructure of passenger ships has been verified by model

tests, This action seems to result from the lack of a sufficient number
of aclid supporta for the longitudinal load carrying members, Means for
providing greater structurel efficiencies for superstructures are apparantly
available, which promise economies in steel hull weight.

Criner, E,, el al., ‘A New Device for the Soluticn of
Transient Vibration Problems by the Method of Electrical-
Mechanical Analogy,®’ Journal of Applied Mechanics, 1945,

Crook, Maty C., ‘‘Summary of Reports on Vibration
Surveys [ssued during 1949,'* DTMB Report 1402, January

- 1960,

‘This report contains a listing of DTMB Vibration Survey Reports
issued in 1959 and Dr. N, H. Jasper’s comments on vibration tests
conducted on the USS SKIPJACK (SSN 585).

Crumh, §,F,, “A Study of the Effects of Dampihg on
Normal Modes of Electrical and Mechanical Systems,”’
California Institute of Technology, Tech Report 2, Air
Research and Development Command, Office of Scientific
Resear ch, Contract AF 18(600)-669, Prejcct R-354-30-1,
1955,

Cummings, John T., ‘““Calculated Natural Vertical Hull
Frequencies and Normal Modes of Surveying Ship AGS 26,
DTMB Report 1704, March 1863,

The normal mode shapes, natural {requencies and bending moment
distributions of flexural vibration of the hull were calculated, The
parameters used in calculations with a digital computer are tebulated.

Cummings, John T., “Vibration of Radar Mast Measured
on USS LONG BEACH (CGN 9) and USS OKINAWA (LLPH 3),"
DTMB Report 1789, December 1963,

Maximum amplitudes and accelerations measured on the radat mast
of USS OKINAWA (LPH 3) and USS LONG BEACH (CGN 9), are presented
Amplitudes and acceleration due both to propeller-blade and shaft
frequencies and to maneuvers are included.

Davenport, W.W,, et. al., *‘A Substitute-Stringer Approach
for Including Shear-Lag Effects in Box-Beam Vibrations,™
NACA TN 3158, 1954,

The use of the substitute-stringer approach for including shear lag
in the calculation of transverse modes and frequencies of box beams is
discussed. Various thin-walled hollow rectangular beams of uniform
wall thickness are idealized by means of the substitute-stringer approach
and the resulting frequencies of the idealized structures are compared
with those of the original beams. The results indicate how the ideali-
zation could be made in order 10 yield accurate representation of the
shearlag effect in dynamic analysis.

Davidson, Samuel, *‘Yibration Measurements Made
11 July 1947 on USS ODAKX (58S 454),”' DTMB Report C-3,
August 1947, (Declassified),

Certain vibrations were recorded which, it is believed, were due
primarily to a stabilizer which was mounted near the after section of the
propeller shaft. After the stabilizer was cut back from the propellers,
vibration measurements showed a significant decrease in the level of
vibration.



Davidson, Samuel, ‘'Vibration Measurements Made
18 August 1947 on the USS AMBERJACK (88 522)," DTMB
Report C-34, November 1947, (Declassified,)

Vibration measurements revealed low levela of vibration at blade
frequency throughout the operating speed range. Comparison with the
tesults of tests on the ODAX which has stabilizing planes mounted near
the propeller and higher levels of vibralion,!ndlcntea that the hydro-
dynamic action between the propetler and stabilizing planes contributes
significantly to the vibration.

Den Hartog, J.P., “Use of Models in Vibration Research,”’
ASME Trans, Vol. 54, 1832,

Dolph, C.L., ““Normal Modes of Oscillation of Beams,”
External Memorandum UMM-79, Univorsity of Michigan
Research Institute, 1851,

Dutton, G.¥ayne and Leibowitz, Ralph C.y *‘A Proce-
dure for Determining the Virtual Mass J-Factors for the
Flexural Modes of a Vibrating Beam,'" DTMB Report 1623,
August 1962,

This report presents a procedure for calculating the virtual mass
of a ship by using different J-factors for each mode of vibration. Com-
parison between theoretical and experimental frequencies for S8 E. J.
KUL.AS indicates that better agreement is obtained up through the
fifth mode for the light condition and up through the fourth mode for

the loaded condition.

Feldman S,, “Dynamiz Balancing for Noise Reduction,””
Department of Navy, Bureau of Ships {(Code 3T1)R & D
Report 371-Ve24, April 1055,

This report covers a study of the effects of rotor unbalance on
the {irst order structurebome noise of several items of submarine
auxiliary machinery. Tt is shown that a point of diminishing retums
exists for balancing the rotor, and that the four balancing machines
used in this study can balance rotors beyond this point. Recommenda-
tions are made for the establishment of telerances of unbalance for

sybmarine auxiliary machinery.

Flax, A.H., “‘Aero-Hydro-Elasticity,” Structural Mech-
anics, Proceeding of First Symposium on Navy Structural
Mechanics, Pergamon Press, New York, 1960,

Fontsine, William R., **Calculated Natural Frequencies,
Normal Modes of Vibration, and Response of the Hull of
AGSS 555,”” DTMB Report 1615, June 1962,

Nommal mode shapes snd natural frequencies of flexural vibration
of the huil and of longitudinal vibretion of the hull-propulsion system
weie calculated for AGSS 555. The effect of different estimated spring
constants, coupling the propulsion system to an infinitely stiff hull and
to a flexible hull, on longitudinal mode shapes and natural frequencies
ters used in the calculations are given

was d ined. P

Fontaine, William R., ‘‘Calculated Natural Frequencies,
Normal Modes, and Longitudinal Responses of MST-12
Counter-Rotating Propulsion System and Coupled Hull of
U'Ss JACK (58N 605),” DTMB Report 1655, October 1962,

Normmal mode shapes and natural frequencies of vestical flexural
vibration of the hull and of longitudinal vibration of the hull-propulsion
system were calculated. The forced response and the effect of thrust

beuaring foundation stiffness are also considered.
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Fontaine, W,R,, ‘“Calculated Natural Frequencies,
Normal Modes, and Forced Response of Hull and Propulsion
System of USS SKIPJACK((SSN 585),"> DTMB Report 1756,
August 1963,

Natural frequencies, mode shapes, and the forced respense of the
hull in its vertical mode and of the hull-propulgion system in its longi-
tudinal mode are calculated

Gariboldi, R.d., ‘‘Procedure for Tor sional Vibration
Analysis of Multimass Systems,” Department of Navy, Bureau
of Ships (Code 371), R & D Report 371-V-19, December 1953,

This report presents a systematic procedure for the analysis of
torsional vibration of multimass systems, It includes a detailed numerical
analysis of a diesel propulsion system as an example.

Gesswein, Barbara H, and Moses, Fred, ‘“‘Calculated
Modes and Frequencies of L 4il Vibration of USS GEORGE
WASHINGTON (SSBN 598),"" DTMB Report 1464, November
1960,

m

Nomal mode shapeg, natural freq ies, and b ] ts of
vertical flexura! vibration and of longitudinal vibration of the hull and of
the shafting system were calculated for USS GEORGE WASHINGTON
(SSBN 598). The methods used in evaluating the parameters are discussed.

Getz, Jan R., ‘‘Longitudinal Strength and Minimum
Weight,”” DTMB Report 1649, December 1862,

The danger of brittle fracture, fatigue, and the importance ¢f buiit in
or thermal stresses are discussed. The longitudinal stresses are based
on statistical mea

1ts and cal

8 with an ec y=b d
risk of damage or need for change of speed and course. The danger of
cotmpiete structural failure is discussed Measurements from ships are
compared with oceanographical data and statistical calculations based
on them.

Gold, P.D, et, al, *Vibraiion Engineering—Resume of
Applications to Solutions of Marine Operational Problems
Encountered by Naval Vessels,'" Trans SNAME, Vol. 61,
1953,

This paper presents & summaty of the methods developed and used
by Boston Naval Shipyard to resolve vibration and soise problens
encountered during the operation of naval vessels,

Goldman, D,E,, ‘*A Review of Subjective Responses to
Yibratory Motion of the Human Body in the Frequency Range
1-70 Cycles Per Second,” Project N.M. 004-001, Report
No. 1, Naval Medical Research Institute, 1948,

Goldman, D,, et al., ‘‘The Biological Effects of
Vibration,” Report of Working Group 39, Armed Forces
National Research Council on Hearing and Bio-Acoustics,
April 1961,

Goldman, D and Gierke, He, ““The Effects of Shock and
Vibration on Man,”’ Lecture and Review Series No, 60-3,
Naval Medical Research Institute, January 1960,

Greenspon, J.E., ‘A Shell Type Approach for the
Vibration and Acoustic Analysis of Ship and Submarine
Hullz,"* DTMB Contract No, Nonr-25862-(00)X, Technical
Report No. 1, May 1960,

A study was initiated in an attempt to derive a shell type approach
for the vibration of =urface ship and submarine hulls, This report com=
prises a feasibility study on such an approach.



Greonspon, JJE., '‘Sea Tests of the USCGC UNIMAK,
Part 3—Pressures, Strains, and Deflections of the Bottom
Plating Incident to Slamming,” DTMB Report 878, March
1956,

This report preaents and discusses some of the test data taken
during tough-water sea trials of a Coast Guard cutter on weather patro}
duty. The data includes the impact pr incid as
well us the corresponding strains and deflestions of the forward bottom

tto

plating. These measurements ase compared with results obtained from
theoreticul considerations.

Greenspon, JE, and Wigle, B.M,, ‘‘Probability Distri-
bution of Wave-Induced Hull Girder Stresses for a Destroyer
Escort, Based on Sea Tests of USS FRESSENDEN (DER-
142)."” DTMB Report 1020, April 1956,

Gives hull stress distributions for rough weather service of
DER-142 off the North Atlantic coast.

Greenwood, D,T,, “*Analog Methods of Non-Linear
Vibration Analysig,” Thesiz, California Institute of
Technology, 1951,

Hardy, V.8, ‘*Vibration Measurements Made on the
U'Ss PHILIPPINE SEA (CV 47) during Standardization
Trial2 of 5 June to 1 July 1947,” DTMB Report C-6,
August 1947, (Declassified,)

The putpose of these vibration measurements was to determine
the relative effect of four-bladed CLYBEN and NACABS propellers on
the vibration of the vessel. Vibration amplitudes were small with both
types of propellers but NACABS gave slightly less vibration below 240

pm,

Hardy, V.5, ‘“Vibration Studies of Ship Hulls by Means
of \'ibration Generators,”* DTMB Report C-50, 1849,
{Decla=sified.)

This report gives a summary of the vibration-gencrator 1ests
conducted by DTMB prior to 1949, The expetimental natural ftequencies
are compared with corresponding frequencies computed by using Schlick™s

and Burrell’s impirical fomuias.

Hardy, Virgil 5. and Jasper, Norman H., “\‘ibmliun‘nnd
Noise Test= of Timken Trunnion Roller Bearings on L8M
297,”” DTMB Report (-149, Decomber 1948,

The vibration and noise characteristics of Timken trunnion
bearings and of standard sleeve-type bearings were determined during
2 test of both installed on the LSM 297. The vibration tests showed
the present design of the trunnion bearing to be unsatisfactory, and
recommendations for redesign of its jubber mounting are made. Differ-

ehces in airbome noise {rom the two lypes are insignificant.

Havman, D,F.y *'A Method of Evaluating the Hydraulic
vVibration Reducer by an Electrical Analog,” DTMB Report
1616, June 1962,

This report presents a method for evaluating the parametess of a
hydraulic vibration reducer by an electrical mobility analog. The con
version of the hydraulic properties of the vibration reducer into an

equivalent mechanical sysiem s detailed in an appendix.
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Hurrison, Ms, etals, **Wave Effacts in Isolation Mounts,” DTMB
Report 768, January 1952,

Both theoretical and experimental studies of wave effects in isolation
mounis have been made, The well-known *‘lumped parameter’ theory of vibration
mounts holds true only when the wavelength of the elastic wave in the mount is
large compared to the dimensions of the mount. Standing waves occur which In
certain frequency ranges decrease the vibration isolation properties of the mount
by as much as 20 db. The theoretical and experimental treatments are in good
agreement, and indicate various methods for improving the vibration isclation
properties of the mount,

Hayes, Wallace D,, ‘‘Effective Mass of a Deformable Circular
Cylinder,” Graduate Division of Applied Mathmatics, Brown Univer-
sity, ONR Contract N7onr-35810, Tech Report 1, August 1951,

The concept of the effective mass tensor is extended to apply to the problem
of hydrodynamic forces acting on a deformable body. The concept is illustrated
by an example,

Heller, S.R., ‘‘Natural Frequencies of Shaft Struts,”” DTMB
Report 1219, April 1958,

Shaft strut vibration tests were made on several carriers and certain
apparent inconsistencies in the results indicated the desirability of developing
an analytic solution for the problem which might explain the inconsistencies,
This paper presents an analytic solution,

Heller, S.R., dr., *“Wave Geometry for Longitudinal Strength,"’
Transactions of American Society of Naval Engincers, 1954,

This paper has the following threefoid purpose:
1. Portray the historical development of standard longitudinal steength
calculations,

2, Show the inconsistencies in these calculations,

3. Suggest means to dy the i i i

Heller, S.R., Jrs and Abramson, H,Nsy “Hydroclasticity: A New
Naval Science,’’ Journal ASNE, May 1959,

Many of the various subjects which comprise aeroelasticity have the
counterpatts in the lield of naval architecture, In an effort to provide a framee

work for hydroelasticity. these countemparis are defined and discussed,

Herrmann, G., ‘‘Forced Motions of Timoskenko Beams,”’
Contract Nonr-266(08), Columbia University Tech Report No. 9,
June 1953,

Timoshenko’s theory of flexural motions ia an elastic beam takes into
account both rotatory inertia and transverse shear deformation and accordingly,
contains two dependent variables instead of the cne transverse displacement of
classical theory of flexure. ¥For the case of forced motions, the soiution involves
complications not usually encountered The difficulties may be surmounted in
several ways. The method described here makes use of the property of ortho-
gonality of the principle modes of free vibration and uses the procedure of
Mindlin and Goodman in dealing with the time-dependent boundary conditions.
Thus, the most general problem of forced motion is reduced to a free vibration
problem and a quadrature.

Hemes, RoM., “Dynamic Modeling for Stres=s Similitude,"*
Contract N8 onr-523, Department of Applied Mechanics, University
of Santa Clara, Santa Clara, Calif,, June 1949,

A method of rendeting the equations of motion of a vibrating beam in
dimensionless form is presented.  The parameters, which must be kept constant
for modeling for dynamic stress similitude are detived from the foregoing dimen»
sionless equations of metion. Tntemal damping is considered and the conclusion
is reached that il can he satisfactorily modeled,



Howe, C\LE,, and Howe, R.M,, “‘Application of the
Electronic Differential Analyzer to the Oscillation of Beams,
Including Shear and Rotary Inertia,” ASME, Applied Mech-
anicx Division, September 1953,

Jaspery, N.H,, **A Design Approach to the Prohiem of
Critical Whizling Speeds of Shaft-Disk b)utems," DTMB
Report 880, December 1954,

Several methods for computing the natural whirling frequencies of
propelivrsshull systems are presented end discussed. Computed and
experimentally determined natural frequencies are compared.

Jasper, Norman H,, ‘A Theoretical and Experimental
Study of Propeller-Shaft Failures,' DTMB Report 808,
August 1953,

‘This report preaents a detailed study of the stresses in the tail-
shaft of a T2-SE-A2 tanker of the MISSION type, including &n analysis
of the causes of tailshaft failure encountered in thase as well as in
Liberty ships and other ships of similar type. Emphasis is placed on
the effects of a whirling type of flexural vibration on the stresses and
motions of the shaft. One of the principal conclusions is that the shaft
failures are due to & lack of endurance strength of the shait as designed
and built, and not due to a i fack of end gth of the
shafting material itself.

Jasper, N,Hi, ““A Theoretical Approach to the Problem
of Critical Whirling Speeds of Shaft-Disk Systems,” DTMB
Report 827, December 1954,

In this report a number of theoretical methods are derived for
computing the natural frequencies of whirling vibration of shaft-disk
systems including the consideration rotatory inertia, gyroscopic pre-
cession, and flexibility of shaft supports, as well as lumped and dis-
tributed masses.

Jasper, N.H., “Dynamic Loading of a Motor Torpedo
Boat (YP-110) duting High-Speed Operation in Rough -
Water,” DTMB Report C-175, September 1949, (Declassified)

Vibrational 1 i , and hull p ts
are given for YP-110.

Jasper, N.H,, “‘Service Stresxzes and Motions of the
ESS0 ASHEVILLE, a T-2 Tanker, Including a Statistical
Analysis of Experimental Data,”’ DTMB Report 960,
September 1955,

Stresses amidships as well as pitching and heaving accelerations
were measured, Analysis indicates that the dynamic stress vatiations
associated with the ship’'s motion in waves wil? rarely excced 12,600
psi peaketospeak, The muximum stress variation due to changes in

temperature (excluding stress concentrations) was about 11,000 psi.

Jasper, N.H,, *‘Statistical Approach to Longitudinal
strongth Design of Ships,” American Society of Naval
Engincer=, pp 565—573, August 1950,

This paper examines the present status of the problem of
‘Longitudinal strength of ships,® and presents a program of study of

the strength requirements,
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Jasper, N.H., “Statistical Distribution Patterns of
Ocean Waves and of Wave-Induced Ship Stresses and
Motions, with Engineering Applications,’ Trans, SNAME,
Vol. 64, 1858, Also DTMB Report 921, October 1957,

This research attempts to show that by utilization of statistical
methods, it is posaible to describe and predict service conditions for
ships in an orderly and relatively simple despite the g I
complexities of the problem. Wavevinduced motions and stresses in

ships obtained under a wide range of operating conditons are presented
for seven different ships.

Jasper, N.H., *‘Structural Vibration Problems of Ships—
A Study of the DD8982 Class of Destroyers,” DTMB Report
C-38, February 1960, (Declassified)

An investigation was made to detemmine the sensitivity of this
class to first order unbalanced forces. ‘Fhe long light hull was found
1 and fl
types. It was recommended that diagonal stilfeners be installed in the
hull girder and that the specifications for straightness and balance of

to be lacking in

1 rigidity pared to other ship

shafting be revised.

Jasper, N.H,, **Vibration Generator Survey of the
USS NIAGARA,” DTMB Report 699, 1048,

Five modes of vertical vibration, three athwartship, and one
torsional were determined oy using a vibration generator. The experie

1 tarnl

fr ies were compared with calculated values.

Valuzs of damping are calculated based on the experimental data.

Jasper, Noman H,, ‘*Vibration Measurements Made
11 August 1948 on the USS ODAX (SS 484),*’ DTMB Report
C-170, January 1949, (Declassified)

Underway vibrations are given for both surfaced and submerged
conditions of S§ 484, also vibration measurements recorded during time
that ship was excited by firing water slugs from Torpedo Tube No. 7.

Jasper, N.H., *Vibration Survey of the USS MIDWAY
(CVB 41) Conducted during Ship Trials of July and August
1947,”" DTMDB Report 690, March 1948,

A vibration survey was made to determine the ship's vibration
characteristics with three- and four-bladed propellers. Three-bladed
propellers were better as far as machinery vibration was concemed and
four were better for hull vibration. The vibration of the outboard propul
sion units was acceptable under both conditions, so the author recome
mends the three-bladed propellers far the inboard shafts, and four on
the outboard shalts.

Jasper, Norman H, and Andrews, John N,, *‘Preliminary
Report of Strains and Motions of USS RANGER (CVA 61)
during a Yovage around Cape Horn,” DTMB Report 1259,
Jdanuary 1959,

Hull-bending stresses forward and amidships, local stresses
around a large side opening, shear stresses in the shell plating forward.
linear and angular ship motions are reported for conditions free of
slamming as well as during a mild slam. It is concluded that the flight
deck sponson makes a partial contribution to hull-girder strength and

that slamming stresses contribute appreciably to the stress level.



Jasper, N.H, and Chruch, J,W,, “Structural Seaworthij-
ness Studies,” Presented at Spring Meeting, SNAME, April
1963,

This paper gives a ion of structural seaworthiness
studies under dynamic loads conducted since 1950 with emphasis on

" the results of full-acale sea tests,

Jasper, Norman H. and Birmingham, John T,, "'Sea
Tests of the USCGC UNIMAK, Part 1 — General Outline
of Tests and Test Results,’ DTMB Report 976, March
1956,

Measurements of ship motions, hull girder stresses, bottom
pressures, stresses in the b structure incident to slamming and
sterophotographs of the sea were obtained under & wide variety of sea
conditions, ship speeds, and herdings relative to the waves. This
teport outlines the scope of the tests and presents the data in some

detail,

Jasper, N.H, and Bimingham, J,T., *'Strains and
Motion= of 'S8 ESSEX (CVA 9) during Storms near Cape
Horn,” DTMB Report 1218, August 1958, -

Strains, ship motions, and wave heights were measured on the
ESSEX in very rough seas, The results, together with the d to
the TICONDEROGA under similar conditions, indicste inadequat
buckling strength in parts of the hanger deck. When the bow flare is

immersed, the large hydrodynamic forces involved cause a vertical

hani

whipping and high stresses. The report ds streng! the
main deck longitudinals and idering whippi in desig

Jasper, N,H, and Brooks, RiL., “Sea Tesls of the
USCGC UNIMAK, Part 2 — Statistical Presentation of the
\otions, Hull Bending Moments, and Slamming Pressures
for Ships of the AVP Type,”” DTMB Report 977, April 1857,

Based on extensive measurements, the motiona and hull-girder
bending moments which a ship similat to the UNIMAK may be expected
to expetience over @ wide range of operating conditions are presented
in statistical form. Formulas are given for use in estimating probable

maximum values of moments and motions.

Jasper, N.H., Brooks, ReLs, and Birminghan:, 4.T.,
Statistical Presentation of Motions and Hull Bending
\Moments of ESSEX-Class Aiccraft Cartiers,” Revised
Edition, DTMB Report 1251, June 1960,

The motions and | dinal hull bendi ts which ships
of the ESSEX Class may be expected 1o experience over a wide range
of operating conditions are presented In statistical form, based on
extensive measurements on VALLEY FORGE and ESSEX. Formulas
are given for use in estimating probable extreme values ot moments

and motions,

Jasper, N.H, and Rupp, L.As, AR Experimfanw.l n.,r:d
Theoretical Investigation of Propeller Shaft Failures,
Trans SNAME, 1952,

As a result of the high incidence of tail shaft failures the investi-
gution reported here was undertaken. Tests of a tanker and theoretical
considerations lead the authors to make specific recommendations in
design procedure, operating procedure, and future research.
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Jasper, N.H. and Wigle, B.M., ‘“Motions of the
€8 SIL VER MARINEFR in & State 5 Ses," DTMB Report
1067, October 1956,

Tesats weore made to determine the toll, pitch, and heave molions
that this type vessel would experience in a State 5 sea for various
speeds and headings. The largest values of motion during the tests
are given, as well as the probabilities of exceeding a given magni-
tude of ship mofion for various combinations of speed and heading.

Kane, JoR. and McQoldrick, R.T,, ‘‘Longitudinai .
Vibrations of Marine Propulsion-Shafting Systems,’
Trans SNAME, vol, 57, 1849, Also DTMB Report 1088,
November 1856,

‘This paper sh that by a ay ic analysisa of the longi-
tudinal masa-elastic system of a propulsion system, it is often possi-
ble to adjust the criticel frequencies or select the number of blades
fer the propeller 5o as to minimize the effects of rescnance. Also
blade cleatance, appendage design, and thrust bearing foundation
effects are considered as [actors to be considered in design.

Kapiloff, E., **Calculation of Normal Modes and Natural
Frequencies of Ship Hulls by Means of the Electrical
Analog,”* DTMB Report 742, July 1954,

The electrical analog for the transverse vibration of a nonuniform
beam with both shear and bending flexibility is reviewed to illustrate
the general method of development of such a network, Inaamuch s the
dynamics of transverse vibration of a nonuniform beam with shear and
bending flexibility are those for the flexural vibration of a ship hull
congidered as a free continuous, nonuniform beam, the practical
application of the analog is shown by presenting the normal modes of
vibration of a naval vessel.

Kapiloff, E. and Birmingham, J.T., ‘A Report on Hull
Vibration Measutements Made on the S§ BETHLEHEM and
Vibration Generator Tests Made on the SSCA PAUL and
the 85 PERE MARQUETTE 21 while in service on the
Great Lakes,'” DTMB Report 848, March 1953,

As part of the general program of extension of hull vibration
theory to all classes of ships, this report describes tests made on
three Great Lakes vessels and compares the experimental results with
the computed values made according to the methods presently consid-
ered to be most setisfactory.

Kaplan, P,, **A Study of the Virtual Mass Associated
with the Vertical Vibration of Ships in Water,” SIT,
Davidson Laboratory, Report 734, December 1959,

A survey of the available theoretical and experimental studies
related to the virtual mass of bodies vibrating on the free surface of
watrr is presented. Comparison of theoretical and experimental results
shows disagreement, the theoretical values being greater. This leads
to errors in the calculation of the natural frequencies of vibration of
ships. The cffects of gravity wave formation, compressibility, viscosity,
wall effects, and othet physical mechanisms usually neglected are
considered. Their influence does not improve the agreement.

Kennard, E.H,, ‘‘Forced Vibrations of Beams and the
Effect of Sprung Masses,” DTMB Report 955, July 1955,

Certain aspects of beam vibrations are discussed which throw
light upon particular features of ship vibration. These aspects are:
Antiresonances and effecis of damping in forced vibrations, explicit
formulas being given for uniform beams; internal versus extemnal damp=
ing; elfects of sprung masses on natural frequencies; und forcing
functions resulting from sprung masses.



Kennard, E.H,, ‘‘Some Cases of Vibration Forced by
Base Motions ar by External Forces,’ DTMB Report 1394,
December 1960,

This report gives formulas for the response of selected simple
vibratoty systems to either forced moti of their

pports or to exter
nal forces. The systems treated include a sprung mass, a sprung rotor,
& cantilever beam, and a general elastic system attached to a rigid bage.

Kennard, E.H. and Leibowitz, R.C,, *"Theory of Rudder-
Diving-Plane Ship Vibration and Flutter Including Methods
of Solution — Part 1,”* DTMB Report 1507, February 1962,

The purpose of this report is to more adequetely represent &

had 1 &

ship and its sppendages az a y ic system, i

TS

sprung bodies, and devise solutions for natural frequencies, mode
shapes, critical flutter speeds, and damping of this syktem, using
analytical, digital, or electrical-analog methods.

Kenny, J,H, and Leibowitz, R.C.y ‘““Design Details and
Operating Procedure for the DTMB Network Analyzer,’’
DTMB Report 1272, April 1959,

Thi , report describes the physical
and instrumentation of the TMB Network Analyzer, and gives the layout
arrangement and some construction details. The procedure for setup,
calibration, and operation of the netwotk analyzer is explained guffl-

istics, p

ciently to permit the reader to utilize the facility.

Kinsey, Carrol H., “Underway Vibration Survey of the
Hull and Propulsion System of the USS DEALEY (DE 1008),”*
DTMB Report 980, August 1955,

Records of vertical and athwantships vibraticn were obtained
at the bow and at the stem, and of fore-and-aft vibration at the thrust

bearing and reduction gear housings.

Kinsey, C,H., ‘*Vibration and Stresses Measured on
Steuts of USS SARATOGA(CVA 60),”* DTMB Report 1133,
July 1957,

The natural frequencies in air of the shaft struts were determined
by impact testing. Vibration and strain measuremente on the main strut
of the starboard inboard shaft during viheation generator tests in air
and water and during underway trials showed a resonance in water at
132 tpm, and that vibration and strain were within tolerable limits.

Kinsey, C.H,, ‘‘Vibration Characteristics of Main
Prapulsion Unit in USS GUAVINA (AGSS 362),”' DTMB
Report 1165, October 1957,

Resonant frequencies and amplitudes of vibration of the resils

det ined

unit were o

iently mounted bedplate of the main prop 1
on GUAVINA during vibration-generator tests at dockside, during
underway tests, and during vibration-getietator tests with the submare

ine submerged

Kinsey, Carrol H,, *Vibration-Generator Tests on the
After Superstructure of Certain Vessels of the LST 1156
Class,” DTMB Report 928, December 1954,

Tests were made on 1wo LSTs after compietion of structural

o reduce the vibration of No. 3, Mk 63 gun directors.
ncies.

modifications t
Most of the natural frequencies are above propeller blade freque
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Kinsey, Carrol H., “‘Vibration-Generator Tests of Main
Thrust-Bearing Foundations on USS FORRESTAL (CVA 59),"
DTMB Report 954, March 1855,

A vibratlon-generator test was conducted on the starboard main
thrust bearinge and their foundations aboard the USS FORRESTAL,
while the shafting was di ted on both sides of the thrust bearings,
to determine experimentally the lowest resonance frequencies of these
systems with the aim of estimating the longitudinal spring constants of
the foundations, which were calculated to be 8.2 x 10° Ib/in. and
8.9 x 10° 1b/in,

Kron, G, ‘“A Method of Solving Very Large Physical
Systems in Easy Stages,”" Proceedings of IRE, April 1854,

Physical systems with & very lage number of variables {say
thouvsands) may be solved with digital p s by tearing the system
apart ioto a large ber of small subdivisions. After solving each
subdivision, the partial solutions are interconnected by & set of trans«
formations so as to obtain the exact aciution of the original system.

. This paper illustrates the solution of Maxwell two-dimensional field-

equations by tearing their electric-circuit models apart into a convenient

naumber of subdivisions.

Kron, G., ‘“A Set of Principles to Interconnect the
Solutions of Physical Systems,** Journal of Applied Physics,
Vol, 24, No, 8, August 1953, -

a

A set of principles and a sy tic p: = are pr to

establish the exact solutions of very large and complicated physical
systems, without solving a large number of simultaneous equations and
without finding the inverse of large matrices. The procedure consists
of tearing the system apant into smaller component systems. After
establishing and solving the equations of the component systems, the
component solutions themselves are interconnected to obtain outright,
by a set of transformations, the exact solution of the original system.
A simple boundary value problem is solved as an example.

Kruszewski, E.T,, ‘Effect of Transverse Shear and
Rotary Inertia on the Natural Frequency of a Uniform Beam,”’
NACA TN 1909, July 1949,

A theoretical analysis of the effect of transverse shear and
rotary inertia on the natural frequencies of a uniform beam is presented,
Frequency equations are derived for the cases of the cantilever beam,
and the free-free beam vibrating symetrically and anti-symetrically.
Numerical resulis are presented in the fotm of curves giving the fre-
quencies of the first three modes of the cantilever beam, and the first
six modes of the free-free beam.

Landweber, L. and de Macagno, M.C., ‘*Added Mass of
Two-Dimensional Forms Oscillating in a Free Surface,’’
Journal of Ship Research, Vol. 1, November 1957,

This paper gives a unified treatment of the added mass for either
horizontal or vertical escillations at high frequency in a free surface.
Some of the more obscurc, but known results for vertical oscillation are
emphasized. The general results for horizontal vibrations presented
here are new.

Leibowitz, Ralph C., **‘A Method for Predicting Slam-
ming Forces on, and Response of a Ship Hull,”" DTMB
Report 1691, September 1963,

This repert describes a method for obtaining digital computer
Solutions for the excitation forces on and transient response of a ship
subject to siam when certain basic data are obtained by cemputation
rather than by measurement,



Leibowitz, Ralph C,, “Comparison of Theory and
Experiment lor Slamming of a Dutch Destroyer,’”” DTMB
Report 1511, June 1962,

This report presents a theoretical analtysis end computation of
the slamming forces acting on a ship, based on an experimental know-
ledge of the ship’s motions. In addition, a computation is made of the
transient elaslic response and associated hull girder streases of the
ship due to the total force exerted by the fluid on the ship, Comparison
of th ical and

d stresses shows good agreement.

Leibowitz, R.C., *‘Effects of Damping on Modes of
Vertical Vibration of Hull of USS THRESHER (SSN 593),"
DTMB Report 1384, March 1980,

The normal modes of vertical flexural vibration of the hull and
the steady-state damped response were calculated on a digital computer.
Results show that the damping causes appreciable phase changes, at
resonance, of the vibration response along the beam; furthermore, at the

higher modes the freq than that of the

y of peak resp is g
corresponding normal mode.

Leibowitz, R.C., ‘*Natural Modes and Frequencies of
Vertical Vibration of a Beam with an Attached Sprung Mass,*
DTMB Report 1215, 1958,

A study was made of the vibration characteristics of a beam with
an attached sprung mass. The purpose was to explore the possibility of
a more adequate representation of a ship hull as a mass-elastic system
subject to vibration. Analytical and etectrical-analog methods are de-
vised to deiermine the natural frequencies and mode shapes of a beam-
sprung-mass system. These methods are shown t0 give resulte that are
reasonably accurate.

Leibowitz, R.Cs, *USS AL BACORE (AGSS 569), Modes
of Rudder Vibration,” DTMB Report 1540, August 1961,

With the addition of a tor-propeller system to the lower rudder
of the ALBACORE the possibility existed that local rescnance frequen-~
cies of the ridder within the operating speed range of the ship would
occur and hence increagse the vibratory response of the ship to propeller-
blade ferces acting on the rudd: “Theo
ever, that the addition of the motor-propeller system to the rudder would

1 analysis indicates, how.

not cause excessive vibrations. This conclusion was verilied experi=
mentally.

Leibowitz, Ralph C, and Belz, Donald J., *‘A
Procedure for Computing the Hydroelastic Parameters for a
Rudder in a Free Stream,’”* DTMB Report 1508, April 1962,

Methods for evaluating the hydroelastic parameters for a rudder
moving in a free stream ate descrited. As an example the rudder of the
ALBACORE is used. By means of a theory refetenced in this report,
computations of rudgershull vibtations (including flutter) can then be
muade on a digital zud/or analog computer.

Leibowitz, Ralph C, and Belz, Donald J., *‘Comparison
of Theory and Experiment for Marine Control-Surface
Flutter,”* DTMB Report 1567, August 1962,

Bo:h the Extended Simpiified Flutter Analysis and Modified Theo-
dorsen Flutter Anualysis, proposed by McGoldrick and Jewell, are
applied to the DTMB Control Surface Flutter Apparatus. Predictions of
vibrational stability and instability based on these analyses are com-
pared with stable and unstable vibrations observed in the apparatue for
towing speeds in the range of O to 20 knots. The Modified Theodorsen
Flutter Analysis shows better agreement with experimental data.
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Leibowitz, R.C. and Kennard, E,H., ‘“Theory of Freely
Vibrating Nonuniform Beams Including Methods of Solution
and Application to Ships,” DTMB Report 1817, May 1961,

A comprehensive study which revi and ds previ work,
was made of the derivation of equations for digital and electrical-analog
solutions of the natural fr q ies and mode shapes of a ship’s hull
idealized 88 an elastic beam. Effects of bending, shear, rotary inertia,
coupled tersion and bending, initial curvature of the elastic axis, applied
forces and torques, sprung masaes, and other inertias are included. The

calculation of the physical parameters from ship plans is described and
the accuracy of results is discussed.

Leibowitz, Ralph C. and Standhagen, A.G., **Theory of
Static and Dynamic Loads on a Rudder in a Steady Turn,”
DTMB Report 1647, February 1863,

A rapid approximate procedure is given for predicting the static
and dynamic loads on a rudder of a surface ship or submarine in a
steady horizontal turn as a function of the rudder angle of attack,

Lewis, F.M., “‘Dynamic Effects,”’ Chapter 2, Vol, 2 of
Marine Engineering, edited by H,L. Seward, published by
SNAME, 1944,

This chapter includes a basic treatment of vibration theoty,
discusses torgional vibrati of r systems and of
geated turbine drives, balancing probl and hull vibrati

Lewis, F.M., ‘‘Propelier Vibration,’’ Trans SNAME,
Vol. 43, 1835,

As a result of tests on a model of the PRESIDENT HOOVER the
vibration generating forces of blade frequency were divided into three
types of forces, listed In order of magnitude: bossing forces, hull
suction forces, bearing forces. This is reported in this and the 1936
paper of the same name.

Lewis, F.M,, *“Propeller Vibration,’ Trans SNAME,
Vol, 41, 1936,

A3 a result of teats on a model of the PRESIDENT HOOVER the
vibration generating forces of blade frequency were divided into three
types of forces, listed in order of magnitude: bossing forces, hull
suction forces, beating forces. This is reported in this and the 1935
paper of the same name.

Lewis, F.Mi, “*The Inertia of the Water Surrounding a
Vibrating Ship,’* Trans SNAME, Vol. 37, 1929,

a ing ship is th ice
ally derived on the basis of the effects of cert=in geometric shapes

The inertia of the water sur
moving in a fuid,

Lewis, F.M., ‘“‘Vibration and Engine Balance in Diesel
Ships,’’ Trans SNAME, 1927,

Lewis, F.M., and Auslaender, J., “Virtual Inertia of
Propellers,”” JSR, March 19€0.

On the basis of theoretical and experimental results this paper
proposes empirical formulas for longitudinal and torsional virtual inertia
for vibrating propellers,



!J?wis, FMs, and Tachmindji, Auds, *““Propelier Forces
Exciting Hull Vibration,”* Trans SNAME, Vol, 62, 1954,

This peper outlines the methods used in measguring the varlous
types of vibratory forces on modela and full-scale vessels, and preaents
experimental results obtained from models which include such effects as
tpm, axial and tip propeller cl
propeller clearances,
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Little, R.8,, *‘Bibliography on the Longitudinal
Strength of Ships and Related Subjects,’’ Technical and
Research Bulletin No, 2--3, SNAME, September 1958,

Macagno, E.O, and Landwober, L., *‘Irrotational Motion
of the Liquid Surrounding a Vibrating Ellipsoid of Revolu-
tion,'* Journal of Ship Research, Vol, 2, June 1958,

= MacNeal, R.H., “The Solution of Partial Differential
Equations by Means of Electrical Netwarks,” Ph.D. Thesis,
California Institute of Technology, 1040,

MacNeal, R.H., “*Vibrations of Composite Systems,*
California Institute of Technology, Tech Report 4, Air
Research and Development Command, Office of Scientific
Research, Contract A¥F 18(600)-668, Project R-354-30-1,
January 1955,

. Mathewson, A.W,, “Calculation of the Normal Vertical
Flexural Modes of Hull Vibration by Digital Process,"’
DTMB Report 706, February 1950,

A method for the calculations of flexural frequencies and nomal
modes of ship hulls is presented. A ison of experi 1 and
computed natural frequencies are given for the USS NIAGARA {APA87).

Mathewson, Alice W,, *‘Calculation of Torgional Criti-
cal Speeds of Electrically Driven Propulsion System with
Flexibly Mounted Planetary Reduction Gears,’’ DTMB
Report 927, June 1955,

A torsional vibration analysis is given for criticel frequencies

¢ twin pl y gear propulsion

and normal modes of a flexibly
system, Results of a numerical example are presented.

Mathewson, A.W., ‘‘Preparation of Data for Computation
of YVertical Flexural Modes of Hull Vibration by Digital
Process,” DTMB Report 632, September 1949,

A method is described by which the flexural modes of hull vibration
can be calculated-while the ship is still in the design stage--by digi-
tal computation. Although the method shows promise of applicability
to both horizontal and verticat flexural modes, it is presently recom-

ded for prep ion of daiu on vertical modes only.

Mawby, Ni, “Vibration Tests on LCU 1621, Equipped
with a Special Right-Angle Drive Propulsion System,”
DTMB Report 1634, August 1962,

This report presents the results of torsional and linear vibration
tests performed on LCU 1621 which is propelled by two special right-
angle drives with a propeller-nozzle combination

MeCanny G.D., **A Study of the Accuracy of Lumped )
Parameter and Analog Computer Representations of Canti-
levered Beams under Conditions of Static Stress and
Dynamic Vibrations," California Institute of Teé'.hnologg,
Tech Report 3, Air Research and Development Command,
Office of Scien:tific Research, Contract AF 18(800)-669,

Project R-354-80-1, April 1955,

McCann, 4.D,, ““Designing Analogy Circuits from Test
Data,’’ ISA Journal, June 1956,

It is frequently necessary to snalyze g mechanical structure
where characteristice are described by direct tests, such as influence
coefficient or normal mode shake tests. These do not give euch
structural parametere as effective spring constents directly, However,
analogous circuits can be synthesized to represent systems directly
from such test data.

McCann, GQ.D.; ““Electrical Analogies far Mechanical

In the ‘‘loop’’ analogy, the termms of the general force equations
are voltages, and Kirchhofi's law for the summation of voltages around
losed loops simulates Newton's law of force. In most '‘nodal'’
analogies, nodal equati for the tion of simulate the
force equations. In the past these well known analogies have baen
limited by Imperfect circnit elements, and the inability to develop
itabl for any but the simpler examples,

McCann, G.D, and MacNeal, R«H., *‘Beam-Vibration
Analysis with the Electric Analog Computer,” Journal of
Applied Mechanics, Vol, 17, No, 1, March 1950,

clircuit log

McGoldrick, R.T., ‘*A Theorem on Bending Stresses in
Rotating Shafts,” DTMB Report 847, June 1955,

It is shown that with the exception of the shaft fitted with a
two-bladed propeller, the hamonic components of the varying bending
stress set up in rotating propeller shafts due to periodic forces or
moments acting on the shaft will have the same amplitude regardless
of the position of the strain gage on the circumference of the shaft.

McGoldrick, R.T., “‘A Vibration Manual for Engineers,’
DTMB Report R-189 (Second Edition) December, 1957,

This manual contains a collection of formulas useful to design
engineers in their efforta to minimize trouble from mechanical vibra-
tion. The formulas conform with a notation b d on the inch=p d
second system of units unless specifically stated otherwise.

McGoldrick, R,T,, **Axial Vibration of Propulsion
Systems of Battloships of the BB 57 through 60 Class,”
DTMB Report 547, January 1948,

Experimental data include amplitudes and resonant frequencies
of axial vibration of the shafts. The vibration was considered not
serious, but tutbine couplings showed excessive wear and prompted
further investigation,

McGoldrick, R,T., *‘Axial Vibration of Propulsion
Systems of Battleships of the BB 81 through 66 Class,”
DTMB Report 551, February 1945,

Axial vibration data was taken during sea irials of two ships of
this class, The general problem of the axial vibration of shafts on
battlechips is discussed with a description of the various parameters
involved, including the wake variation of each.

McGoldrick, Raymond T., ‘“Calculations for Hull Vibra-
tion of the 88 GOPHER MARINER and Comparison with
Experimental Results,’” DTMB Report 1022, May 1956,

An extensive vibration study was made on the GOPHER
MARINER sponsored by SNAME in an attempt 1o evaluate present
theoretical methods of dealing with the hull vibration problem. The
calculations made for this siudy are presented here in more detail
than was permissible in other publications on this subject.



McGoldrick, R.T., ‘‘Calculation of Natural Frequencies
and Normal Modes of Vibration for a Compound I[solation
Mounting System,” DTMB Report 1420, july 1960,

The natural frequencies and normal modes of vibration of & com-
pound mounting system are detemined. ‘The system consists of an
assembly supported by a set of isolation mountings carried by a cradle
which is, in tum, supported by another set of isolation mountings
attached to the hull of a ship.

McQGoldrick, R.Ts, ‘“Calcuiation of the Response of a
Ship Hull to a Transient Load by Digital Process,”’ DTMD
Report 1119, March 1857,

A digital method of finding the response of a beam-like structure
with free ends, auch as a ship hull, to an arbitrary load normal to ita
longitudinal axis is presented. The genetality of the solution is pointed
out as well as the limitations and need for experimental verification of
the validity of the method,

McGoldrick, R.T., ‘‘Comparison between Theoretically
and Experimentally Detormined Natural Frequencies and
Modes of Vibration of Ships,** DTMB Report 806, August
1954.

The results of vibration-generator tests and theoretical ealcula-
tions of natural frequencies and nomal modes of vibration on eight
vessels of widely dilferent types are discussed in this progress report.
By using correction [actors for the various modes based on the accumu-
lated experimental data, more reliable eatimates should be possible in
the future.

McQoldrick, R.T., “Buoyancy Effect on Natural Fre-
quency of Vertical Modes of Hull Vibration,*’ Journal of
Ship Research, July 1857,

This paper develops a formula for the effect on the natural
frequencies of vertical modes of hull vibration of a variable buoyancy
force due to a ship's heaving.

McGoldrick, R,T., *‘Determination of Hull Critical
Frequencies on the Ore Carriet SS E,J. KULAS by Means
of a Vibration Generator,” DTMB Report 762, 1951,

This report describes vibration-generator tests made on the
KULAS to determine the critical frequencies of the hull under light
and loaded conditions and in both deep and shallow water. Calculated
critical frequencies are also given,

McGoldrick, R,T., **Rudder-Excited Hull Vibration on
USS FORREST SHERMAN (DD 931) — A Prablem in Hydro-
elasticity,”” Trans SNAME, 1950, Also DTMB Report
1431, June 1980,

“The vibration phenomenon encountered on the FORREST
SHERMAN wes unusual in that the frequency of the 3-noded hori-
zontal vibration remained constant ovet 2 considerable range of speed.
The cause was found to be the rudders, This paper explores several
conceivable explanations, and accounts for it as a sub-critical control-

surface fiutter condition.
MeGoldrick, R.Te, *‘Ship Vibration,”” DTMB Report
1451, December 1960,

This teport presents a general treatment of the subject of ship
vibsation, including both the structural and hydrodynamic phases,
with suggested procedures for dealing with vibration ptroblems in the
ship’s early design stage,
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McGoldrick, ReT, and Curtis, W,F,, “‘Analysis of
Vibration in the Propelling Machinery of the Battleships
NORTH CAROLINA and WASHINGTON (BB 55 and BB 56),”
DTMB Report 518, March 1945,

Sea trials of two of this class brought attention to excessive axial
vibration of their shafta. Thase results were pered with d

values for various mass.elastic approximations of the propulsion aystem,
After considering many solutions, the oumber of propeller blades were
i « which brought the vibration down to en acceptable level,

McGoldrick, R.T., ot al,, *‘Rocent Developments in the
Theory of Ship Vibeation,” DTMB Report 738, Revised
Edition, October 1953,

It is shown in this report that by considering the ship hull as a
floating beam having shearing and bending flexibility with a distributed
viscous damping proportional to mase, it is possible to derive equations
of motion under extemal forces by the general Rayleigh method which
yields a solution in terms of normal modes of motion.

McGoldrick, R.T, and Jewsll, D,A., "A Control-Surface
Flutter Study ih the Field of Navai Architecture,’”* DTMB
Report 1222, September 1050,

Thisg study of contrel-surface flutter was initiated because of
serious hull vibration on destroyers of the DD 931 Class, which had
been traced to the rudders. A control-surface flutter apparatus was
built and tested in the towing basin, Analyses varying in complexity
are explored and

pared with experi al resulta,

McGoldrick, R,T. and Russo, VaLey ““Hull Vibration
Investigation on SS GOPHER MARINER,"” Trans SNAME,
Yol. 63, 1955, Also DTMB Report 1080, July 1958,

Extensive ﬂbr i tests were sponsored by SNAME
to evaluate the accuracy of the available analytical methods and calcu.

lating procedures by comparison of calculated versus measured results.

MacNaught, D, F,, ‘‘Discussion of Paper, “Hull Vibration
Investigation of SS GOPHER MARINER,’ by R.T. McGoldrick
and V.1, Russo,” Trans SNAME, Vol, 63, 1955,

Miles, John, *‘Applications and Limitations of Mech.
anical-Electrical Analogies, New and 0ld,” Journal of
Acoust. Soc. Am., Vol, 14, 1043,

The general problem of mechanical-electrical analogies is
discussed. The adventages of Firestone's mobility system is demon-
strated, The choice of analogy to be used is usually one of convenience,
but certain systems intrins:cally maeke only one analogy possible. An
analogy in a system with both electromagnetic and electrostatic coupling
is fundamentally impossible as the resulting circuit could not satisfy
Maxwell’s equations.

Mindlin, R.D. and Deresiewicz, “Timoshenko's Shear
Coefficient for Flexural Vibration of Beams,” ONR Project
NR-06 4-386, Contract Nonr-266-(09), Tech Report 10,

June 1953,

Molloy, C.T., **Use of Four-Poie Parameters in Vibra-
tion Calculations,™ Journal of Acoustical Societly of
America, Vol, 29, Noj 7, July 1957,

Linear elastic systems which have a single input point and a
single output point can be characterized by & pair of simple linear
equations involving forces, velocities, and the four-pole parameters for
the system. This paper shows how this concept used many years in
electtical engineering can also be used for mechanical vibrations. A
few specific problems are given.



Murray, Re Michael, Jr, ‘‘Calculated Natural Frequen- -
cies, Normal Modes, and Forced Vibrations of USS SKATE
(SSN 578),”" DTMB Report 1767, August 1968.

Nomgl mode shapes and natural frequencies of horizontal, verti-
cal, and Jongitudinal vibration of the hull-propulsion system were calcu-
lated on 2 digitel computer. Longitudinel modes were also analyzed on
an electric analog. Forced response of verticel and longitudinal vibra-
tions was detemnined. The effect of changing the thrust bearing founda-
tion stiffness on the longitudinal mode shapes was detemined.

Murtha, J.P., **Virtual Mass of Partiatly Submerged
Bodies,” Department of Civil Engineering, Carnegie
Institute of Technology, 1954,

Neifert, H,R. and Robinson, J,H,, ‘‘Further Results
from the Bociety’s Investigation of Tailshaft Failures,*
Trans SNAME, 1955,

This paper reporte the results of two recent phases of SNAME's
continuing investigation of tailshaft failures. As a result of full-acale
and model teats, the effectiveness of stress-relief design modifications
is evaluated, and the bending stresses in tailshafts under various
operating conditions is evaluated.

Noonan, Christopher J, and Cummings, John T.,
‘*Yibration-Generator Tests on NS SAVANNAH in Deep
Water,'" DTMB Report 1784, December 1963, (Proprietary
to Maritime Administration; distributed only upon their
authorization.)

Vibrationsgenerator teats were made on NS SAVANNAH in deep
water while the ship was powered by her emergency propulsion system.
Resonant frequencies and mode shapes of the hull for vertical, hori-
zontal, and torsional vibration were measured. Experimental and

calculated results bly well, R dations far

P

further tests are made.

Noonan, E.F., *Environmental Vibration Testing for
Shipboard Equipment,’® Shock and Vibration Bulletin No, 23,
June 1958,

Noonan, E,F., “Vibration Measurements on Ship 56-2
during Builder’s Trials,’* NKF Report 8008, Novemher
1959, (Prepared for SNAME, Hull Structures Committee),

Vibration trials are conducted under various test conditions to
determine important factors to be considered in the development of the
SNAME Vibrations Code.

Noonan, E,F., “Vibration Measurements on Ship S6-3
during Acceptance Trials,”’” NKF Report 6010, June
1960, (Prepared for SNAME, Hull Structures Committee)

Various vibration test insttuments are evaluated for possible
adoption in the Vibration Code under development by the SNAME-
Simultaneously various operating conditions are studied for their
influence on standard operating test procedures.

Noonan, E.F,, “Vibration Measurements on Ship 56-4
during Builder’s Trials,* NKF Report 6304, June 19063,
(Prepared for SNAME, Hull Structures Committee)

Vibration measurements are given for a single screw cargo

vessel having principal dimensions as foliows:

Block Coefficient 0,57, , Tonnage Dead Wt. 12,700 tons
Length o.a, 5720.; Tonpage Gross 11,310 tons
Length b.p. 541,-0 Tonnage Net 6,809 tons
g;g;:gth 14;,—0”-- Max. Disp. 20,110 tons
Praft ity
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Noonan, Edward F, and Zaloumis, Angelos, *‘Shipboard
Vibration and Noise Considerations in the Design of River
Towboats,” DTMB Report 1758, July 1963,

Many problems of vibration end noise aboard ship ere identified, and
those which are of particular concem in the design of river towboats are
reviewed. ‘The paper ia nddreased primarily to the naval architect, ship-
builder, or operator and identifies those areas to which attention shoyld
be drawn during design and development.

Ormondroyd, Ju, ot al., “Dynamics of a Ship’s Structure,”
Project M870-4, Contract Nbori-116, Enginecring Reseazch
Institute, University of Michigan, June 1951,

Theory of ship vibration.

Paladino, Anthony R.,.‘‘Vibration-Generator Tests of
Propulsion-System Elements on the USS TIMMERMAN
(EAG-152)," DTMB Report 1016, March 1956,

Vibration-generator tests wore made on the port reduction gear
unit, the starboard planetary gear unit, and the high speed shaft.
Additional frequency and amplitude data were obtained for use in a
general study of propulsion units,

Paladino, Anthony R., *Vibration-Genarator Tests of
the Propulsion-System Reduction-Gear Units on the USS
FORREST SHERMAN (DD 931),” DTMB Report 1028,
April 1856,

Vibration-generator tests were made on the starbeard and port
reduction gear units with the line shafting uncoupled. The longitudinal
dati are dtobe 29 x 106 Ib/in.
and 1.6 x 106 ib/in. Additional frequency and amplitude data were
obtained on these units for use in e general study of propulsion units
and their foundations.

spring consiants of the fi

Paladino, A,R., “‘Vibration Survey on USS DECATUR
(DD 936),”" DTMB Report 1271, March 1960,

A vibrationsg test and und y vibration survey were

performed. During the former, measurements were made on the mast,

hull, end rudder. Underway, measurements were made of the propulgion
system as well. A serious vibration of the ship's rudders was
experienced, but corrected by changing the rudder towsin.

Palmer, F,W,, Jre, ‘Motions of a Converted T-2 Tanker,
USS MISSION CAPISTRANO (TAG 162)," DTMB Report
1790, December 1963,

This report presents the results of motions experienced in heavy
seas by 8 T-2 tanker modified by removal of a section of the chip
structure to provide a large vertical well. Measurements ate analyzed
in a statistical manner. Comparison is made with an unmodified T-2
Tanker.

Panagopulos, E.P., ‘‘Design-Stage Calculations of
Torsional, Axial, and Lateral Vibrations of Marine Shaft-
ing,”* Trans SNAME, Vol, 58, 1950,

‘The purpose of this paper is to fumish enough information to
enable the designer to investigate the torsional, longitudinal, and
lateral vibration effects ©on matine shafting over a wide range of running
speeds while the installation is stifl in the designing stage,



Panagopulos, E,P. and Nickerson, AsMs, ‘‘Propeller
Shaft Stresaes under Service Conditions,” SNAME, 1954,

Part 1of this paper is devoted to a review of shaft Joading and
vibratory behavi ib ding stress variations. Part 2
deals with an expetimental tailshaft bending stress investigation on
the 29,000 ton tanker CHRYSSL

ingto b

Pavlenko, G.Es, **A Moethod of Calculating Ships®
Vibration Frequencies,'' Engineering, June 1926,

Pien, P,C, and Ficken, N,L., *“The Measurement of
PropellorInduced Vibratory Farces on Scale Ship Models,
Paper presented at ATTC Conference, Septomber 1959,

An improved technique of measuring model vibratory forces has
been developed, involving elastic isolation of the model stem. This
paper is intended to describe the new model test method. Some model
results d for & serlea of atem based on Saries 60
using these techniques are included by way of illustration.

e eai iatl

Plumpe, David J., ‘*“A Ship Propeller-Shaft Strain-
Measuring and Telemetering System,* DTMB Reoport 1714,
January 1963,

This repont describes a telemeter system for obtaining simultan-
eous strain data from five gage locations on a ship's rotating propeller
shaft.

Pode, Lieonard, **The Determination of Frequency
Response from Test Results That Are of Short Duration
and Not Precisely Periodic,’ DTMB Report 828, June 1955,

Consideration is given to the problem of determining frequency
tesponse from tests of relatively short durati under diti in
which the periodicity of the input and output functions may be somewhat
disturbed by such factors as the presence of & decaying transient or the
influence of stochastic variables, A method of analysis is proposed
which involves the evaluation of “moving average'' Fourier coefficients.

-Polachek, H., “Calculation of Transient Excitation of
Ship Hulls by Finite Difference Methods,” DTMB Report
1120, July 1957,

A system of finite difference equations based on the nonuniformm
bezm theory is presented for use in the calculation of the response of a
ship hull to transient forces. Tae conditions for stability of these
equaiicns sre derivad. The feaaibility of the method i3 teated by the
solution of a vibeation problem for a specific hull discussed in DTMB
Report 1119,

Price, Richard L., “‘Stern Area Vibration Measurements
on U85 OBSERVATION ISLAND (EAG 154),” DTMB
Report 1585, January 1962,

Vertical, athwartships, and fore-aft vibrations were measured at
the stern under calm and rough-water conditions with the ship underway.
The principal components of observed vibrations were at propeller
blade and double blade frequencies. Experimental and calculated

results show good correlation.

Price, Richard L., ““The David Taylor Model Basin
Two-Component Pallogreph,” DTMB Report 1730, May
1963,

The pallograph described in this report is a simple seismic device

designed and developed at DTMB. The instrument’s characteristics and
capabilities are mentioned and a complete alignment and operating

proceduse are given.
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Price, Richard L., **The TMB 40,000-Pound, Throe-
Masa Vibration Genecator, [ts Description and Qperation,"’
DTMB Report 1771, November 1963,

This vibration generater, designed to excite vibrations in large
structures, Is capable of generating forcea of up fo 40,000 pounds and
moments up to 120,000 fi-tbs over a frequency range from 9.6 to 20 cps.
‘This report describes the henical and electrical parts of the gener-
ater and the principle of operation.

Price, Richard L., **The TMB 5,000-Pound, Three-
Mass Vibration Generator, Its Description and Cperation,'*
D'TMB Report 1781, December 1963,

‘This vibration generator, designed to excite vibrations in large
structures, can generate forces up to 5,000 Ibs and moments up to
8,500 ft-lbs over a frequency range from 0.42 to 333 cps. This report
d ibes the mechanical and electrical parte of the system and gives .
detailed operational instructions, ’

Price, Richard L., ot al,, **Bending and Torsional
Stresses in Propeller Shaft of USS QBSERVATION ISLAND
{EAQ 154) in Smooth and Rough Sea,’ D'TMB Report 1596,
June 1962,

During 1960, tests were conducted te check the adequacy of the
existing propeller shaft of this ship, The bending and torsional stresses
obtained for this shaft are eval d, and bending st are p
with results obtained on other vessels. The report includes a harmonic
analysis of bending stresses, s comparison of measured values with
theoretical bending stregses computed from wake survey data, and
suggestions for future work.

1

Prohl, M.As, *“A General Method for Calculating Critical
Speeds of Fiexible Rotors,* Journal of Applied Mechanics,
Yol. 12, No, 3, September 1945,

The actual rotor is simulated by a totor in which the mass is con-
centrated at several equally spaced stations. The masses are conside
ered to be connected by weightless flexural members.

Reed, F.E, and Bradshaw, R.T., “*Ship Hull Vibration, -
Part 11-The Distribution of Exciting Forces Generated by
Propellers,’ CONESCO Repott F-101-2, Contract Nobs
77150, June 1960,

This paper presents a practical method of computing the three
components of force and the three components of moment on a propelier
with the water-inertia effects included,

Ritger, P.D, and Breslin, J.P., ‘A Theory for the
Quasij-Steady and Unsteady Thrust and Torque for a
Propelier in a Ship Wake,” Experimental Towing Tank,
Stevens Institute of Technology, Report 686, July 1958,

Unsteady aerodynamic theory is applied to the problems of varying
thiust and torque experienced by a marine propeller wotking in a non-
uniform wake.

Robinson, Donald C., ‘‘Calculated Natural Frequencies
and Normal Modes of Vibration of the I'SS OKINAWA
(L.PH 3),” DTMB Report 1766, August 1963,

Nosmal mode shapes and natural frequencies of vertical, hori=
zontal, and coupled torsion-horizontal wibraticn were calculated for the
hull. The calculated natural frequencies for a heavy displacement for
vertical and horizontal vibration are compared with experimental results,



Robinson, Quentin R., ‘‘Measurements of Motion and
Thrust Variation on Main Propuision S8ystem of USS FRED
‘T. BERRY (DDE 858),” DTMB Report 887, January 1054,

Measurements of steedy thrust, alternating thruat, and vibratory
motions of both reduction gear cases were obtained with the ship oper-
ating at various shalt speeds,

Robinson, Q.R., "*Vibration Machines at the David W,
Taylor Model Basin,’' DTMB Report 821, July 1952,

Several types of vibration machines asre used at DTMB for cali-
brating vibration | ts and for obtaining the vibration cheracters
istics of ships and equipment. In this repert these machines are
described, come of their chatacteristics are listed, and brief operating
instructions are given. ’

Russell, ¥,T,, “Lumped Parametor Analogies for
Continuous Mechanical Systems,'® Ph,D. Thesis, Califor-
nia Institute of Technology, 19560, -

Russell, W.T., et al,, **An Improved Electrical Analogy
for the Anaiysis of Beams in Bending,” Joumal of Applied
Mechanics, September 1958,

Russo, V,L. and McGoldrick, R.T.y **Hull Vibration
Investigation of S8 GOPHER MARINER,’* SNAME, Vol. 64,
19056, Alsc DTMB Report 1080, July 1956,

This report describes methods for de ining influence caeffi-
cients for use with formulas developed at DTMB for computing the
critical frequencies of whirling vibration of propeller shaiting systems,

and tabulates, for purp of ison, the puted and experi=

mentally determined natural frequencies.

Ryder, FiLe, *“Energy Versus Compatibility Analogs
in Electrical Simulators of Structures,” Journal of Aero/
Space Science, February 1958,

Ryder, F,L, and Zaid, M., **Direct Electrical Analogs
of Double 6-Degtee-of-Freedom System,’’ Scientific
Research Staff, Republic Aviation Corp, Farmingdale,
New York, Contract Nonr-2852(00} (X), February 1960,

Saunders, H.E., "“Hydrodynamics in Ship Design,”
published by SNAME, 1957,

h

sive tre of the subject in two volumes.

This is a comp.
Subjects covered include fluid flow, ship motion, wave effects, propul-
sion principles, vibration considerations, and the application of these
things in ship design.

Schmitz, M.A, and Simons, A.K., “*Man’s Response to
Low Fregquency Vibration,” ASME Paper 59-A-200,
presented at Annual Meeting, 1959,

Schneider, Joseph, Jr., “‘Calculated Natural Frequen-
cies, Normal Modes, and Forced Response of the Hull of
'S5 LAFAYETTE (SSB(N) 616),”" DTMB Report 1752,
August 1963,

Natural frequencies and normal mode shapes of vertical and
longitudinal vibration of the hull were calculated. The lengitudinal
and vertical response to a sinusoidal driving force is also calculated.
The main propulsion plant, being resiliently mounted, results in two
more vertical natural frequencies than when the machinety is rigidly

mounted.,
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Sidall, J.W,, ot al., “‘Approximate Analytical Methods
for Determining Natural Modes and Frequencies of Vibra-
tion" Department of Aero Engineering, MIT, ONR Contract
N5-0ri-07883, ONR Project NR-085-259, January 1951,

Stuntzy GeR., et &ls, ‘“Series 80 — The Effect of Varia-
tions in Afterbody Shape upon Resistance, Power, Wake
Distribution, and Propeller-Excited Vibratory Forces,”
SNAME, November 1980,

The effect of change in stem shape, from U to Vform, upon
resistance, power, wake distribution, and propell ited vib y
forces hae beon investigated by using a throe model series. The
three medels differ only in the shape of stemn sections which renge
from extreme U to V-shape, The results of resistance, propulsion,
wake surve¥, and vibratory-force tests are presented. These tests
with the evception of the wake survey were conducted at design
displacement and ballest conditions,

Tachmindji, A«Js and Dickerson, M.Csy **The Measure-
ments of Oscillating Pressures in the Vicinity of Propellers,”
DTMB Report 1180, 1957,

This report presents measured ogcillation pressures near a
propeller as a function of various parameters.

Tachmindji, A«Js and Dickerson, M.C., ‘“The Measure-
ment of Thrust Fluctuaticns and Free-Space Qscillating
Pressures for a Propeller,” DTMB Report 1107, 1957,

This report presents a method of measuring the thrust fluctua.
tion produced by a propeller and the oscillsting pressure at & point near
a propeller.

Tachmindji, Asd. and McGolidrick, R.T., **Note on
Propeller-Excited Hull Vibrations," Joumal of Ship
Research, Vol. 3* No, 1, June 1859,

This paper pr G y of the inf ion and techniq

which an: available to the designer for predicting the levels of service

vibration of a ship in the design stage. This involves the two phases
of estimating the exciting forces and the vibratory response of a hull
to given forces.

Thompson, W.T., ‘‘Matrix Solution for Vibration of
Nonuniform Beams,” Journal of Applied Mechanics, Vol, 17,
1950 or ASME Trans, Yol, 7%

Vane, Francis F., **A Guide for the Selection and
Application of Resielient Mountings to Shipboard Equipment,*’
DTMB Report 880, Revised Edilion, February 1958,

‘This manual has been prepared to provide guidance to design
agencies for the selection and application of resilient mountings to
shipboard equipment. For the more commonly encountered arrangements,
the computations have been simplified and systematized as much as
possible,

Vane, F.F., ‘*‘Nstural Frequencies of Side Plating,
Bulkheads, Decks, and Radar and Radio Supports, Measured
Aboard Three Cruisers, Three Destroyers, a Submarine, and
2 Battleship,”” DTMB Report 548, April 1948,

Natural frequencies of various local stnictures were obtained in
three ways: with a mechanical vibrograph, from oscillograms of shock
motion, and by calculations based on the assumption of several condi-

tions of edge restraint.
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Vane, Francis F., ‘*Vibration-Generator Tests of the
Propulsion-System Reduction-Gear Unit on the USS DEALEY
(DE 1008),"* DTMB Report 1038, May 1956,

A vibration-generator test was perfomed on the reduction-gear
unit of the propulsion system with the line shaft uncoupled. ‘The
resonant frequency of 660 cpm corresponds with a longitudinal spring
¢ t of the foundation of 1.76 x 108 Ib/in, Additional data were
obtained for use in a general study of propulsion units «nd thelr
foundations,

Ward, L.W., ‘““Added Mass of Cylinders Representing
Typical Modern Submatine Cross-Sections,” Tochnical
Research Group (TRG), Incs, Syossett, L.l., N.Y., Tach
Report 1, Contract Nonr-3090(00) (x), October 1960,

‘The ¢ross sections of typical modetn submarines in way of the
superstructure and/or sail are idealized to a circular arc *'bump’’ and
vertical fin combined with & circular main hull. The resulting flow and
added mass for vertical and horizontal vibration are calculated. Speci-
fic examples ure worked out and conclusions drawn.

Wigle, Bruce M,, “Vibration-Generator Tests on the
Propeller Shaft of the USS FORRESTAL (CVA 59),” DTMB
Report 1007, July 1936,

A vibration-generator test was conducted on an Alloy 4 propeller
shaft installed on the FORRESTAL to de ine the | freq i

and modes of lateral vibrati The experi tal data are compared
with results predicted by theoretical methodas,

Wigle, B,M. and Jasper, N.H., ‘‘Determination of
Influence Coefficients as Applied to Calculations of
Critical Whirling Speeds of Propeller-Shaft Systems,*
DTMB Report 1050, May 1957,

Formylas developed at DTMB for c2mputing the critical frequens
cies of whirling shaflts require influence cocfficients in their applicas
tion. This report describes methods of determining the influence
coeflicients,

Wilson, W, Ker, “*A Review of Ship Vibration Problems,”
Marine Engineering and Naval Architecture, July, August,
QOctober, November 1955, Also published in ASNE Journal
May 1854

Yeh, H.Y., "“Thrust and Torque Fluctuations for APA
249, DTMB Model 4414,” DTMB Report 1384, January
1960,

A velocity survey was conducted on Model 4414 to obtain data
needed to calculate the thrust and torque fluctuations due to nonuni-
form wake distribution over the propelier disk for the APA 249,
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3. MACHINERY REPORTS

) Allnutt, R.B., “‘¥ibration Survey of the USS CORAL
SEA (CVB 43) Conducted during Ship Trials, ' DTMB
Report C-268, October 1949, -

‘This vibration syrvey was made to determine the vibration
characteristics of the hull and machinery with different propellers and
to determine the effect of various hottom paints on the infiow to the
propellers and thereby effecting the shipse vibeation, It was found that
feur-bladed propellers outboard and five inboard was the best arrange-
ment, and that the effect of different bottom paints was negligible.

Best, §,G,, *‘Propeller Balancing Problems,” SAE
Journal, November 1954.

Bresiin, JoPs, “A Theory for the Vibratory Effects
Produced by a Propeller on a Large Plate,” Journal of
Ship Research, Vol. 3, No. 3, December 1959,

The effect on an infinite plane of a single-bladed propeller
rotating on a shaft paraliel to the plane in & uniform inflow is first
considered. The vibratory forces of this system and multiblade sys-
tems are discussed for conditions of uniform and nonuniform inflow.

Breslin, J.P. and Tsakonas, S,, ‘‘Marine Propeller
Pressure Field Due to Loading and Thickness Effect,”
Trans SNAME, Vol, 87, 1959,

This paper presents the blade-frequency pressure field of a
propetler as a function of torque and thrust loading, and blade thicke
ness effects, The latter had not been accounted for previously.

Theoretical results are pared to 1 resulta.

d

Breslin, JuP., ‘‘Review and Extension of Theory for
NearField Propeller Induced Vibratory Effects,”
Presented at Fourth Symposium on Naval Hydrodynamics,
Washington, Ds Csy August 1962,

A review of the theoretical studies of ship propeller induced
pressures and forces on nearby boundaries in the last decade is given
with emphasis only on principal results. Simple formulas are developed
for the blade frequency vibratory force.

Breslin, 4.P., *‘Ship Vibration, Part | - Propeller-
Generated Excitations,'* Applied Mechanics Review,
Vol, 13, No. 7, 1960,

This paper presents the state of knowledge of blade frequency
pressure effects and vibratory thrust and torque. _

Breslin, 4.Pe and Tsakonas, S,y “The Blade Frequency
Velocity Field Near an Operating Marine Propetler Due to
Loading and Thickness Effects,’ Sixth Annual Conference
on Fluid Mechanics, University of Texas, 1658,

The velocity fluctuations due to loading and blade thickness
effects at any point in the vicinity of a propeller opérsting in open
wate: conditions in an incompressible ideal fluid are detefmined.
Broad conclusions are drawn as to the relative magnitudes of the
contributions of each of the elements to the various velocity come
ponents. The blade thickness effect on the pressure and velocity

fields is shown to be of primary importance.
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Breslin, JuP., **The Pressure Field near a Ship Propel-
ler,’" Journal of Ship Research, Vol, 1, No. 4, March 1958,

A beief summary is given of efforts in the field of naval archi-
tecture on the problem of determining the vibratory forces and moments
produced by a ship propeller, and an account of the principal contribu-
tions made by tical h on the problem of p g the
fluctuating pressure field near a propellen Some characteristics of the

pressyre field are discussed briefly,

Broslin, J.Ps, ‘“The Unsteady Pressure Field Near a
Ship Propeller and the Nature of the Vibratory Forces Pro~
duced on an Adjacent Surface,’’ Stevens Institute of Tech-
nology, Experimental Towing Tank Report 609, 1956,

Forces on a flat plate were calculated in a uniformn flow when a
single-line vortex passed the plate. The calculations were for the two-
dimensional problem. “Results show that clesrances behind the vortex
are not as important as clearances ahead of the vornex, or clearances
between hull and propeller are more significont than those between
propeller and rudder.

Bryant, F.B,, ‘‘Alternating Bending Stresses in the
Shaft of a 110-Foot Submarine Chaser,”” DTMB Report
R-187, March 1844.

In tests aboard a 110-foot subch 1 ting ins in
bending and in thrust of a propeiler shaft were measured underway and
found to correspond to stresses of 500 psi or less. The apparatus and

ibod,

[ used are di

Buchmann, E. and Jasper, N.H,, ‘'Vibration Measure-
ments on Port Propulsion System of USNS POINT
BARROW (T-AKD 1),’ .DTMB Report 1286, December
1958,

Vibrations were measured to determine the cause of an engine
casualty. Large torque variations of the propeller shaft occurred at
very low rpm and generated thrust variations. ‘These vibrations are
probably self-excited by large binding forces at the shaft bearings,
Vibration resonances at turbine and double-turbine frequencies
occurred at the tusbine housing at about 140 shaft rpm and are
probably excited by unbalance in the turbine system.

Buchmann, E, and Birmingham, J.T., ‘‘Vibration
Survey on U,S. Army Ship LT COL JOHN U.D. PAGE
(BDL-1X),” DTMB Report 1343, July 1859,

A vibration mrvéy was conducted on this ship to ascertain the
csuse of excessive vibration of bulkheads tounding the aft ballast
1anks in the area of the shalt aileys.

Elmer, G,D., ‘‘Design Formulas for Yielding Shock
Mounts,’ DTMB Report 1287, January 1959,

Design formulas are given for both the elastic characteristics
and the plastic limit loads for three different configurations of yizld-
ing shock mounts, In addition, the behavior of these MOunts is
discussed, and a sample design computation is carried out.

Feldman, S., “‘Dynamic Balancing for Noise
Reduction,” Department of Navy, Bureau of Ships R & D
Report 3%1-V-24, April 1955
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Figken, NuLs and Gawlik, 8,G,, *“Model Flow Studies to
Investigate Propellor-Excited Vibrations on U.8, Army Ship
LT COL JORN U.D. PAGE (BDL-1X) Equipped with
VerticalsAxis Propellers,’* DTMB Report 1412, March 1980,

A model of this ship fitted with twin vertical-axis propeilers was
cun in the Circut g Water Ch ot DTMB to investigate visually
the source of blade~frequency vibrati The cbaervations indicated
that & vortex system exlsts on the gropeller that might be a vibration
source,

Fontaine, W.R,, *“Calculated Natural Frequencies,
Normal Modes, and Forced Response of Hull and Propulsion
System of USS SKIPJACK (SSN 585" DTMB Report 17586,
August 1963,

Natural frequencies, mode shapes, and the forced tesponse of the
hull in ite vestical mede and of the hull-propulzion system in its longi-
tudinal mode are calculated.

Fontaine, W.R., *“Calculated Natural Frequencies,
Normal Modes, and Longitudinal Responses of MST-12
Counter-Rotating Propulsion System and Coupled Hull of
USS JACK (SSN 805), DTMB Report 1655, October 1962,

Normal mode shapes and 1 fi of verticel fi L
vibration of the hull and of longitudinal vibration of the hull-propulsi
system were calculated. The forced response and the effect of thrust
bearing foundation stiffneas are also considered.

Gariholdi, R.Jsy *“Procedure for Torsional Vibration
Analysis of Muitimass Systems,”’ Department of the Navy,
Bureau of Ships R & D Report 371-V-19, December 1953,

This report presents a systematic procedure for the analysis of
torsional vibration of mul % It includes a detailed numeri-
cal analyais of & diesel propulsion system as an example.

Gold, P.D., et al., “‘Vibration Engineering—Resume of
Applications to Solutions of Marine Operational Problems
Encountered by Naval Vessels,’* Trans SNAME, Vol, 61,
1858,

This paper presents a summary of the methods developed and
used by Boston Naval Shipyard to resolve vibration and noise problems
encountered during the operation of Naval vessels.

Hardy, V.S, and Jasper, N.Hs, *‘Vibration and Noise
Tests of Timken Trunnion Roller Bearings on LSM 297,"
DTMB Report C-149, December 1948,

The vibration and noise characteristics of Timken trunnion
bearings and of standard sleeve-type bearings were d ined during
a test of both installed on the LLSM 297. The vibration tests showed
the present design of the trunnion bearing to be unsatisfactory, and

d {or redesign of its rubber mounting are made.

Differences in aitborne noise from the two types ate insignificant.

Harrison, Mark, *‘Report on Some New Developments in
Noise Isolation Problems,’” DTMB Report 791, Aprii 1953.

Some recent experimental and theoretical results help to explain
the actual behavior of isolation mounts. It has been observed thut at
sonar frequencies they give much less isolation than elementary theory
predicts. Also isolation mounts immersed in water give much less

isolation than the same mount in air.
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Harrison, M., 8ykes, A0, and Mattin, M., “Wave Effects
in Isolation Mounts,” DTMB Report 766, October 1852,

Both th tical and experi al studies of wave effects in
isolation mounts have been made. The wellsknown ‘‘lumped parameter’”
theory of vibration mounts holds true only when the wavelength of the
elastic wave in the mount is jarge compared to the dimensiens of the
mount. Standing waves occur, which in certain frequency ranges
decrease the vibration isolation properties of the mount by as much as
20 db. The th ical and experi tal treatments are in good agree-
ment, and indicate various methods for improving the vibration isolation
properties of the mount.

Hayman, D,F, Jr.,, ‘‘A Mothod of Evaluating the
Hydraulic Vibration Reducer by an Electrical Analog,”
DTMB Report 1816, June 1962,

This report presents a method for evaluating the parameters of
& hydraulic vibration reducer by an electrical mobility analog. The

ion of the hydraulic properties of the vibration reducer into an
equivalent mechanical system is detailed in an appendix.

Hord, J.d’H., *“Theoretical and Experimental Investi-
gation of the Shaft-Restraining Block,’” DTMB Report
497, February 1948,

This report describes conditions under which excessive longi-
vibrati of shafting and of propelling machinery have been
encountered in ships, and outlines the development of a shaft-restrain-
ing block to inhibit these vibrations, This block is a pisten on the line
shaft which moves inside a fixed cylinder. The movement is damped
by a partially restricted flow of oil. Several models wcre tested,

dinal

Jasper, N.H., *'A Design Approach to the Problem of
Critical Whirling Speeds of Shaft-Disk Systems,” DTMB
Report 890, December 1954,

Several hods for P g the 1 whirling freq ies
of propeller-shaft systems are presented and discussed, Computed
and i d

taily d d natural fi ies are comp

Jasper, N.H. and Rupp, L.A., ““An Experimental and
Theoretical Investigation of Propeller Shaft Failures,”
Trans SNAME, 1952, :

As a result of the high incidence of tail shaft failures the
investigation reported here was undertaken. Tests of a tanker and
theoretical considerations lead the authors 1o make specific recome

di dure, operating p

ions in design p , and future

research.

Jasper, N,H,, ‘*A Theoretical and Experimental Study
of Propeller-Shaft Failures,” DTMB Report 808, August
1853,

This report presents a detailed srudy of the stresses in the
tailshaft of a T2-SE-A2 Tenker of the MISSION type, including an
analysis of the causes of tailshaft failures encountered in these ships
as well as in Liberty ships and other ships of similar type. Emphasis
is placed on the effects of a whirling type of flexural vibration on the
stresses and motions of the shaft. One of the principle conclusions
is that the shaft failyres are due to a lack of endurance strength of
the shaft as designed and built, and not due to a serious lack of
endurance strength of the shafting material itself.




Jasper, N.H., **A Theoretical Approach to the Probiem
of Critical Whirling Speeds of Shaft-Disk Systems,” DTMB
Report 827, December 1954,

In this repott a number of theoreticel methods are derived for
computing the natutal frequencies of whirling vibration of shaft-disk
systems including the consideration of rotatory inertia, gyroscopic
preceasion, and flexibility of shaft supports, as well as lumped and
distributed masses,

Jasper, N.H., *‘Structural Vibration Problems of Ships—
A Study of th DD 692 Class of Destroyers,’” DTMB
Report C-368, February 1950,

An inveatigation was made to determine the sensitivity of this
class to first order unbalanced forces, The long light hull was found to
be lacking in torgionel and flexural rigidity compared ta other ship types.
It was rec ded that diagonal stiffeners be installed in the hull
girder and that the specificationa for straightneas and balance of shaft-
ing be revised

Jasper, N,H,, **Vibration Survey of the USS MIDWAY
{CVB 41) Conducted During Ship Trials of July and August
1947," DTMB Report 690, March 1848,

A vibration survey was made to determine the ship's vibration
h istics with th and foursbladed propellers. Threesbladed
propellers were better as far as machinery vibration was concemed
and four bladed were better as far aa hull vibration was concemed. The
vibration of the outboard propulsion units was acceptable under both
conditions, so the author recommends three-bladed propellers on the
inboard shaft, and four on the outboard shafts.

Kane, J,R, and McGoldrick, R.T., *‘Longitudinal
Vibrations of Marine Propulsion-Shafting Systems,*” DTMB
Report 1088, November 1956,

This paper shows that, by a systematic analysis of the longi-
tudinal maca-slastic system of n propulsion system, it is often possible
to adjust the critical frequencies or select the number of blades for the
prupeiler so as 1o minimize the effects of resonance. Also blade clear-
ance, appendage design, and thrust bearing foundation effects are
considered as factors to be considered in design.

Kennard, E.H,., ‘'Some Cases of Vibralivn Forced &y
Base Motions or by External Forces,” DTMB Report 1394,
December 1960,

This report gives formulas for the response of selected simple
vibratory syst to either fi d
external forces, The systems treated include a sprung mass, a sprung
rotor, a cantilever beam, and a general elastic system attached to a

of their supports or to

rigid base.

Katz, L., “Mathematical Analysis and Digital Computer
Solution of Xatura! Frequencies and Normal Modes of Vibra-
tion for a Compound Isolation Mounting System,”* DTMB
Report 1460, January 1961,

The mathematical analysis and solution of the natural frequen-
cies and normal modes of vibration for 8 compound is~lation mounting
system by McGoldrick’s method are discyssed. The system consists
of an assembly supported by a set of isolation mountings carried by a
cradle which is, in tum, supported by another set of iselation mount-
ings attached to the hull of a ship.
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Kinsey, C.H., ‘Underway Vibration Survey of the Hull
and Propulsion System of the USS DEALEY (DE 1008),”’
DTMB Report 980, August 1955,

Recorda of vertical and athwartship vibration were obtained at
the bow and at the stern, and of fore-and-aft vibration at the thruat
beating and reduction gear housings.

Kinaey, C.H., “*Vibration Characteristics of Main
Propulsion Unit in USS GUAVINA (AGSS 362),” DTMB
Report 1188, October 1957,

q

of the resili-
ently mounted bedplate of the mai:. oropulsion unit were determined on
GUAVINA during vibration-g tests at dockside, during underway
tests, and during vibration-generator tests with the submarine submerged

R freq ies and ampl of vi

Kinsey, C.H., “Vibration-Generator Tests of Main
Thrust Bearing Foundations on USS FORRESTAL (CVA 58),"
DTMB Report 954, March 1955,

A vibration-generator test was d on the bo ard main
thrust bearings and their foundations aboard the USS FORRESTAL
(CVA 59), while the shafting was disconnected on both sides of the
thrust bearings, to de ine experi lly the lowost resonance
frequencies of these systems with the aim of estimating the longitudinal
spring constants of the foundations, which were calculated to be
8.2 x 10% 1b/in. end 8.9 x 10% 1b/in.

Lewis, F.M, and Tachmindji, A.J., ‘‘Propeller Forces
Exciting Hull Vibration,” Trans SNAME, Vol 62, 1954,

This paper outlines the methods used in measuring the vatious
types of vibratory forces on models and full scale vessels, and presents
experi ai results ob d from models which include such effects
as pm, axial and tip propeller clearances, presence of rudder and

dd er ¢l 8.

prop

Lewizs, F.M,., ‘'Propeller Testing Tunnel at the Massa-
chusett= Institute of Technology,” Trans SNAME, 1939.

This paper describes the construction and characteristics of the
MIT propeller testing tunnel and its instruments, The test chamber is
48"in diameter and water can be pumped through it at up to 33 feet
per second.

Lewis, FM., “Propeller Vibration,”" Trans SNAME,
1935 and 1936,

As a result of teste on a model of the PRESIDENT HOOVER
the vibration generating forces of blade frequency wete divided into
three types of forces, listed in order of magnitude: bossing forces,
hull suction forces, beating forces.

Lewis, F.M., “Propeller-Vilmtion Forces,”” Presented
at 71st SNAME Meeting, N.Y., 14 November 1963,

The total force exciting vibration in a ship whether vertical,
horizontal or a couple, ig the vector sum of a number of separate
contributions, generated in diverse manners. The paper represents an
attempt to estimate the magnitude of these separate contributions.

Lewis, F.M,, **Vibration and Engine Balance in Diesel
Ships,” Trans SNAME, 1927.



Mathewson, A.W., “Calculation of Torsional Critical
Speeds of Electrically Driven Propulsion Systems with
Flexibly Mounted Planetary Reduction Gears,” DTMB
Report 827, June 1955,

A torsional vibration anglysis is glven for critical frequencies
and normal modes of o flexibly mounted twin planetary gear propulsion
system. Results of @ ical le are p d,

Mawby, No, ““Vibration Tests on LCU 1821 Equipped
with a Special Right-Angle Drive Propulsion System,”’
DTMB Report 1684, August 1962,

This report presents the tesults of toraional and linear vibration
tests perforned on L.CU 1621 which is propelled by twe special right-
angle drives with a p el 1 bination.

t

McGoldrick, R.T, and Curtis, W,F., “*Analysis of
Vibration in the Propelling Machinery of the Bauleships
NORTH CAROLINA and WASHINGTON (BB 55 and BB 56),"
DTMB Report 518, March 1945,

Sea trials of two of this class brought attention to excessive
axial vibration of their shafts. Tunreae 128ults were compared with
computed values for various ma ic app i ions of the propule
sion system. After considering many solutions, the number of propeller
blades were increased which brought the vibration down to an acceptable
level.

McGoldrick, ReTyy ‘A Theorem on Bending Stresses in
Rotating Shaft,”* DTMB Report 947, June 1855,

It is shown that with the exception of the shafr firted with e
two-bladed propeller, the hatmonic components of the varying bending
Riress set up in rotating propeller shafts due to perodic forces or
moments acting on the fhaft will have the same amplitude regardless
of the position of the strain guge on the circumference of the shalt,

McGoldrick, R.T., ‘“Axial Vibration of Propulsion
Systems of Battleships of the BB 57 throvgh 60 Class,’
DTMB Report 547, January 1948,

Experimental data include amplitudes and reaonant frequencies
of axial vibration of the shafts. The vibration was considered not
serious, bul turbine couplings showed excessive wear and prompted
further investigation,

McGoldrick, R.Ty, ““Axial Vibration of Propul=ion
Systems of Battleships of the BB 61 through 66 Class,”
DTMB Report 551, February 1948,

Axial vibration data was taken duting sea trials of two ships of
this class. The general problem of the axial vibration of shafts on
battleships is discyssed with a description of the varions parameters
mvolved, including the wake variation of each.

MeGoldrick, R.T., **Calculation of Natural Frequencies
and Mode= of Vibration of Resiliently Mounted Equipment
by the UNIVAC at David Taylor Medel Basin,” Department
of the Navy, Bureau of Ships Notice 10162, Octoher 1955,

McGoldrick, R.T., *“Calculation of Natural Frequencies
and Normal Mode= of Vibration for a Compound solation
Mounting Svxtem,’” DTMB Report 1420, July 1960,

1 modes of vi ion of a

‘The natursl frequencies and
compound mounting system are determined, The system consists of #n
assembly supported by a set of isclation mountings carried by a cradle
which 18, 1n turn, supported hy another xet of isolation mountings
attarhed to the hull of a ship.
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“"Military Standard — Mechanical Vibrations of Shipboard
Equipment,” MIL-STD 167 (Ships), 20 Dacember 1954,

This standard establishes the requirements of most naval muchine
ery and equip t as regards both i 11y excited vibrations and

extemally imposed vibrations,

Mueller, H.F., ‘‘Recent Developments in the Design and
Application of the Vertical-Axis Propeller,’ Trans SNAME
Vol §3, May 1855,

The author reviews past history in Germany and recent develup~
ments in U.& A discussion of the hydrodynamic principles, and of the
characteristics and merits of various blade motions is presented

Neifort, H.R. and Robinson, J,H., **Further Results
from the Society's Investigation of Tailshaft Failures,”
Trans SNAMF, 1855,

‘This paper reports the tesults of two recent phases of SNAME’s
continuing invesvigation of tailshaft failures. As a result of full scale
and model tests, the effectiveness of stress-relief design modifications
is evaluated, and the bending stresses in tailshafts under various
operating conditions is evaluated,

Noonan, E.F, and Zaloumis, A, "*Shipboard Vibration
and Noise Considerations in the Design of River Towboats,"
DTMB Report 1758, July 1963.

Many problems of vibration and noise aboard ship are idemtified
and those which are of particular concem in the design of river towboats
are reviewed. The paper is addressed primarily to the naval architect,
shipbuilder, or operator and identifies those areas to which attention
should be drawn during design and development,

Paladino, A.R., ‘‘Vibration-Generator Tests of Propul-
sion — System Elements on the USS TIMMERMAN (EAG
152),” DTMB Report 1016, March 1958,

Vibration-generator tests were made on the port reduction gear
unit, the starboard planetary gear unit, and the high speed shaft, Arddi-
tional frequencv and amplitude data were obtained for use in & general
study of propulsion units.

Paladino, A.R., *‘YVibration-Generator Tests of the
Propulsion System Reduction Gear Units on the USS
FORREST SHERMAN (DD 931),” DTMB Report 1028,
April 1956,

Vibration-generator tests were made on the starboard and port
reductionegear unitsz with the line shafting uncoupled. The longitudi-
nal spring constants of the foundations are computed to be 2.9 x 106
and 1.6 x 10(’. Additional frequency and amplitude data were obtained
on these units for use in a general study of prepulsion units and their

fuundations.

Paladino, A.R., ‘‘Vibration Survey of USS DECATUR
(DD 936),” DTMB Report 1271, March 1960,

A vibration-generator test and underway vibtation survey were
performed During the fomer measurements were made on the mast,
hull, and rudder. Underway measurements were made on the propul«
sion system as well. A serious vibration of the ship’s nudders was

experienced, but cosrected by changing the rudder toe-in,



Panagopulos, E,, “Design Stage Calculations of
Torsional, Axial, and Lateral Vibrations of Marine Shafting,"*
Trans SNAME, Vol. 58, 1950,

The purpose of this paper ig to fumish enough Information to
enable the designer to investigate the torsional, longltudinel, and
lateral vibration effects on marine shefting over a wide range of run-
ning speeds while the installation is still in the designing stege,

Panagopulos, E.P, and Nickerson, AM., **Propeller
Shaft Stresses Under Service Conditions,” Trans SNAME,
1954,

Part I of this paper is devoted to a review of shaft lcading and
vibratory behavior contributing to bending stress variationa, Part 2
deals with an experimental toilshaft bending stress investigation on
the 29,000 ton tanke: CHRYSSL

Pien, P.C, and Ficken, NiL,, ““The Measurement of
Propeller Induced Yibratory Forces on Scale Ship Modeis,"
Prezented at American Towing Tank Conference,
September 1858,

Plumpe, D.J., **Ship Propeller Shaft Strain Measuring
and Telemetering Sy=tem,"* DTMB Report 1714, January
1963,

This report describes 2 telemeter system for obtaining simule
taneouys strain data from five gage locations on a ship’s rotating
propeller shaft.

Price, R.l.., Noonan, E,F, and Feldman, S,, ‘*Rending
and Tor=ional Stresses in Propeller Shafy of GES
OBSERVATION ISLAND (EAG 154) in Smooth and Rough
Sea,”" DTMB Report 1596, June 1962,

During 1960, tests were conducted to check the adequacy of the
existing propeller shaft of thus ship. The bending and torsional stresses
obtained for this shaft are evaluated, and bending stresses are compared

Sykes, A.Os, **A Study of Compression Noise Isolation
Mounts Constructed from Cylindricel Samples of Varicus
Natural and Synthetic Rubber Materials,'" DTMB Report 845,
Octobor 1953,

Transmissibility data are presented for a number of idealized
compression mounts constructed from various types of rubber. These
data verified the existence of wave effects in the mounts. In this
report an attempi ot establishing criteria for choosing mount materials
is made.

Sykes, A,Osy **The Effects of Machine and Foundation
Resilience and of Wave Propagation on the Isolation Pro-
vided by Vibration Mounts,"” DTMB Report 1276, January
1959,

The effects on the transmission of vibration through isolation

of hine and foundstion resilience, and of wave propagation
are investigated. The prediction of the effectiveness of mounts is
discussed, and curves are presented for estimating their effectiveness

under certain conditions. A number of conclusions are drawn relevant
to the problems of mount design and selection.

Sykes, AJO., **The Evaluation of Mounts Isolating
Nonrigid Machinos from Nonrigid Foundations,” DTMB
Report 1094, Octcber 1957,

This paper develops a mathematical apparatus from mechanical
network theory for estimating the effectiveness of mounts isolating
nonrigid machines from nonrigld foundations. It treats the {solation of
rigid machines in detail, the isolation of nonrigid machines more briefly,

Sykes, A.Q4 “The Use of Helical Springs us Noise
Isolation Mount=."* DTMB Report 818, February 1952,

For numerous applications helical spring mounts offer delinite
advantages (rom the mechanical point of view, but they are usually
inferior to either jbber shear or compression mounts for noise isolation.
This report preseints the results of an experimental study of five

with results obtained an other vessels, The report includes a harmonic
apaly sis of bending stresses, a comparison of measured values with
theoretical bending stresses computed from wuke survey data, and

suggestions for future work,

Ritger, P.D. and Breslin, J.P., **A Theory for the
Quasi-Steady and Unsteady Thruzt and Torque for & Propel-
ter in a Ship Wake,'* Stevens Institute of Technology,
Experimental Towing Tank Report 886, July 1958,

Unsieady serodynamic theoty is applied to the problems of vary-
g thrust and torque experienced by a marine propeller working in a

nonuniform wake.

Rohin=on, Q,R., “‘Measurementx of Motion and Thrust
Variation on Main Propulsion System of Uss FRED T.
BERRY (DDE 858),"" DTMB Report kb7, January 1954,

Measurements of steady thrust, alternating thrust, and vibratory
motions of both reduction gear cases were obtained with the ship

operating at vanous shaft speeds.

Stutz, G., Pien, P., Hinterthan, W., and Ficken, N.,
“Series 60 — The Effect of Variations in Afterbody Shape
Upon Resistance, Power, Wake Distribution, and Propeller
Excited Vibratory Forees,” Trans SNAME, Vol, 65, 1860,

The effect of change in s'em shape, from 1] to V form, upon
resistance, power, wake distribution, and propeller excited vibratory

forces has been investigated by 1=sting three models.
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pp ganese and one steel spring and summarizes the theorets
ical work which has been completed.

sykes, A,O., “Yibration [solation When Machine and
Foundation are Resilient and Wave Effects Occur in the
Mounts,'” DTMB Report 1404, September 1960,

The problems of estamating the effectiveness of isolation mounts
in reducing vibratson are discussed. Curves, data, and formulas are
presented for estimating the characteristics and effectiveness of both
rubber and helical spring mounts.

Tachmindji, A, and McGoldrick, R.T., *‘Note on
Propeltor-Execited Hull Vibrations,” Journal of Ship
Rexcarch, Vols 35 No. 1, June 1959,

This paper presents a summary of the information and techniques
which are available ta the designee for predicting the levels of service
vibration of a shap 1n the design stage. This involves the two phases
of estumaling the eacning forces and the wibratory response of a huil

to given forces,

Tachmindji, Ay, '*The Axial Velocity Field of an
Optimum Infinitely Bladed Propeller,” DTMB Report
1294, January 1959,

This repont gives the axial induced velocity ahead of an
wfinitely bladed propeiter. The propeller ;s simulated by & close
succession of ring vortices whose strength vary along the propeller
radius and which extend frum the propeller plane to infinity. The
results are compared with those obtained for a propeller represented
by a umiform sink drsk,



’I‘achmin_dji, .A.J. and Dl’ckerson, MeCsy **The Measure-
ment of Oacillation Pressures in the Vicinity of Propellers,*
DTMB Report 1130, April 1957,

This report presents measured oacillation PreSgUres near a
propeller as a function of varous parameters.

Tachmindji, Au. and Dickerson, M.C\, ““The Measure-
ment of Thrust Fluctuations and Free Space Oscillating
Prexsurex for a Propeller,” DTMB Report 1107, January
1957, )

This report presents a :nethod of measuring the thrust fluctuation
produced by a propeller and the oscillating pressure at a point near a
propeller,

Ts=akonas, 8. and Breslin, J.P., “Longiwdinal Blade.
Frequeney Force Induced by a Propeller on a Prolate
Spheroid,”" Stevens Institute of Technology, Davidson
Laboratory Report 855, March 1963,

An expressicn is developed for the longitudinal component
of the vibratory force exerted v w pruiaie spheroia by the operstion of
a marine propeller in a spacesvarying field (wake) Numerical calcular
tions indicate the important role played by propelier clearance and
slendemness ratio in the magnitude of the vibratory force,

T=akonas, 8, Breslin, J.P. and Jen, N., **Pressure
Field Around a Marine Propeller Operating in a Wake,"
Journal of Ship Research, Vol, 8, No. 4, April 1963,

This paper reports the effect of nonuniform inflow conditions on
the vibratory pressure generated by a marine propeller, as determined
by the consideration of two methematical models.

T=akonas, % and Breslin, J.P,, “*Pressure Field Near
Counterrotating Propeliers,”” Ster enz Insititute of Tech-
nology, David=on L aboratory Report 636, September 1961,

Expressions for the vibratory pressure field produced by an
operating counterrotating propeller system are developed in terms of
first and second blade harmonics of the individual propellers. Pressure
signsl can be cbtained from the sum of the individual propellers by
themselves since mutual interference contrabutes little to vibratory
forces. Two counterrotating propellers are much superior than a single

propeller of the same thius: and rpm as far as vibration 1s concermned,

T=akonas, %, Bre=lin, J,P. an ! Chea, CoY,y "Sound
Pre=sure Field Generated by a Marine Propeller Operating
in a Wake,"* Stevens Institute of Technology, David=on
Laboratory Report 832, February 1961,

This paper deals with the effect of nonuniform inflow on the
sound pressure generated by a marine propeller. The inflow is con-
sidered in terms of its hamonic components. The effect of non-
uniformity far overshadows the uniform fi: w contribution to the sound
pressare al poiats far from the propeller, whereas in the nesr field the
nonuniformity accounts for 10 to 40 percent of the total pressure signal.
The effects of compressibility, directional properties of the field,
plenform blade shape, and effective radius were also studied.

Vane, F.F., “A Guide for the Selcetion and Application
of Re=ilient Mounting= to Shiphoard Equipment, Revied,™
DTMB Repart 580, February 1955,

This manual has been prepured ! prosv:de guidance to design
agencies for the selection and spphivation of resihent mountings 1w
shipboard equmpment. For the mere commonly encountered 2rianges
ments, the vomputatiens have beer simyifhied and systematrzed as

much as possable.
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Vane, F.F., “Vibration-Generator Tests of the Propul-
sion-System Reduction Gear Unit on the USS DEALEY
(DE 1006)," DTMB Roport 1038, May 1956,

A vibration-generator test was performed on the reduction-gear
unit of the propulsion system with the line shaft uncoupled. The
resnnant frequency of 660 cpm corresponds with a ongitudinal spring
constant of the foundation of 1.76 x 10° 1b/in. Additional data were
obtained for uge in a general study of propulsion units and their
foundations.

Wigle, B.M, and Jasper, N.H,, ‘‘Determination of
Influence Coefficients as Applied to Calculation of
Critical Whirling Speeds of Propelier-Shaft Systems,"
DTMB Report 1050, May 1957,

Formulas developed at DTMB for computing the critical
frequencies of whirling shafts require influence coefficients in their
application, This report describes methods of determining the
influence coefficients.

Wigle, B.M., ‘'Vibration-Generator Tests of the Propel-
ter 8haft of the USS FORRESTAL (CVA 59),”” DTMB
Report 1007, July 1956.

A vibration-generator test was conducted on an Alloy 4 propel«
ler shaft installed on the FORRESTAL to determine the natural
frequencies and modes of lateral vibration. The experimental data
are compared with results predicted by theoreticsl methods.

Yeh, H.Y., “*“Thrust and Torque Fluctuations for
APA 249, DTMD Model 4114," DTMB Report 1364,
January 1960,

A velocity survey was conducted on Model 4414 to obtain dats
needed to calculate the thrust and torque fluctuations due to non-
uniform wake distribytion over the propeller disk for tne APA 249,



